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SIR: 
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IN THE CLAIMS 
Please amend the claims as follows: 
Claim 5, line 1, delete "or claim 3". 
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RECOMBINANT PROTEIN CONTAINING A C-TERMINAL FRAGMENT 
OF PLASMODIUM MSP-1 

The Invention relates to novel active principles ipr vaccines derived 
from the major surface protein in merozoite forms of a Plasmodium which is 
infectious for mammals, especially humans, more generally termed MSP-1 . 

MSP-1 has already been the subject of a number of studies. It is 
synthesized in the schizont stage of Plasmodium : type parasites, in 
particular Plasmodium falciparum, and is expressed Fjt the form of one of 
the major surface constituents of merozoites both in thje hepatic stage and 
in the: erythrocytic stage of malaria (1, 2, 3, 4). Because of the protein's 
predominant character and conservation in ail known Plasmodium species, 
it has been suggested that it could be a candidate for constituting anti- 
malarial vaccines (5, 6). j 

The same is true for fragments of that protein, particularly the natural 
cleavage products which are observed to form, for example during Invasion 
by the parasite into erythrocytes of the infected tjiost. Among such 
cleavage products are the C-terminal fragment with aj molecular weight of 
42 kDa (7, 8) which is itself cleaved once more into an! N-terminal fragment 
with a conventional apparent molecular weight of 3$ kDa and into a C- 
terminal fragment with a conventional apparent molecular weight of 19 kDa 
(9) which remains normally fixed to the parasite membrane after the 
modifications carried out on it, via glycosylphosphatidyjinositol <GP!) groups 

(10,11). I 

It is also found at the early ring stage of! the intraerythrocytic 
development cycle (15, 16), whereby the observation was made that the 
19 kDa fragment could play a role which is not yet i known, but which is 
doubtless essential in re-invasive processes. This formed the basis for 
hypotheses formed in the past that that protein; could constitute a 
particularly effective target for possible vaccines. 

SB {Pcko 
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It should be understood that the references frequently made below 
to the p42 and p19 proteins from a certain type Plasmodium are 
understood to refer to the corresponding C-terminal cleavage products of 
the MSP-1 protein of that Plasmodium or, by extension, to products 

5 containing substantially the same amino acid sequences, obtained by 
genetic recombination or by chemical synthesis I using conventional 
techniques, for example using the "Applied System", synthesizer, or by 
"Merrffleld" type solid phase synthesis. For convenience, references to 
"recombinant p42" and "recombinant p19" refer to "p42? and "p19 n obtained 

i o by techniques comprising at least one genetic engineering step. 

Faced with the difficulty of obtaining large quantities of parasites for P. 
falciparum and the impossibility of cultivating P wVax in vitro, it has become 
clear that the only means of producing an anti-malaria vaccine is to resort to 
techniques which use recombinant proteins or peptides.; However, MSP-1 Is 

is very difficult to produce whole because of it large size ;of about 200 kDa, a 
fact which has led researchers to study the C-termir)af portion, the (still 
unknown) function of which is probably the more important. In addition, the 
extensive polymorphism in the N-terminaf portion of MSP-1 has negative 
implications for the use of these parts of the molecule in ^accine preparation. 

20 Recombinant proteins concerning the C-termln|al portion of the P. 

falciparum MSP-1 which have been produced and tested in the monkey (12, 
40, 41 ) are: 

» a p19 fused with a glutathione-S-transferase produced in E. coli (40); 

• a p42 fused with a glutathione-S-transferase produced in E. coli (12); 

25 • a p19 fused with a polypeptide from a tetanic anatoxin and carrying 
auxiliary T cell epitopes produced In S. cer&visfae (1&); 

• a p42 produced in a baculovirus system (41 ). 

A composition containing a p19 protein fused With a glutathione-S- 
transferase produced in E. coli combined with alum or liposomes did not 
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exhibit a protective effect in any of six vaccinated Aotus- nancymai monkeys 
(40). 

A composition containing a p42 protein fused With a glutathione-S- 
transferase produced in E. coil combined with Freundsi complete adjuvant 

5 did not exhibit a protective effect in two types of Aotus monkeys (A. 
nancymai and A. vocifer&ns) when administered to them. The p19 protein 
produced in S. coivvisiae exhibited a protective effect jin two A. nancymai 
type Aotus monkeys (1 2). In contrast, there was no protective effect in two 
A. voclferans type Aotus monkeys. 

lo Some researchers (18) have also reported ;immunization tests 

carried out fn the rabbit using a recombinant p42 pr6teln produced in a 
baculovirus system and containing one amino acid sequence in common 
with P. falciparum (18). Thus these latter authors Indicate that in the rabbit 
that recombinant p42 behaves substantially in the same way as the entire 

15 recombinant MSP-1 protein (gp195). This p42 protein! in combination with 
Freunds complete adjuvant has been the subject matter of a vaccination 
test in a non-human primate susceptible to infection by P. falciparum, 
Aotus, lemurinus grisemembra (40). The results showed that 2 of 3 
animals were completely protected and the third, ! while exhibiting a 

20 parasitemia which resembled that of the controls, had a longer latent 
period. It is nevertheless risky to conclude to a protective nature in man of 
the antibodies thus induced against the parasites themselves. It should be 
remembered that there are currently no very satisfactory experimental 
models in the primate for P. vivax and P. falciparum. . The Saimfri model, 

25 developed for P. falciparum and P. vivax, and the \Aotus model for P. 
falciparum, are artificial systems requiring the parasite strains to be 
adapted and often requiring splenectomy of the; animals to obtain 
significant parasitemia. As a result, the vaccination results from such 
models can only have a limited predictive value for mah. 
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In any event, what the real vaccination rate would be which could 
possibly be obtained with such recombinant proteins is also questionable, 
bearing In mind the discovery - reported below - of the presence in p42s 
from Plasmodiums of the same species, and more: particularly in the 
5 corresponding p33s, of hypervariable regions which would in many cases 
render uncertain the Irnmunoprotective efficacy of antibodies induced fn 
individuals vaccinated with a p42 from a Plasmodium strain against an 
infection by other strains of the same species (1 3). j 

It can even be assumed that the high polymorphism of the N- 
10 terminal portion of p42 plays a significant role in imrtiune evasion, often 
observed for that type of parasite. 

The aim of the present invention is to produce vaccinating 
recombinant protefns which can escape these difficulties, the protective 
effect of which is verifiable in genuinely significant experimental models or 
15 even directly in man. \ 

More particularly, the invention provides vaccinating compositions 
against a Plasmodium type parasite which is infectious; for man, containing 
as an active principle a recombinant protein which may or may not be 
glycosylated, whose essential constituent polypeptide sequence is: 
20 • either that of a 19 kilodatton (p19) C-terminal fragment of the surface 
protein 1 of the merozoite form (MSP-1 protein) of ja Plasmodium type 
parasite which is infectious for man, said C-terminal; fragment remaining 
normally anchored to the parasite surface at the eijid of its penetration 
phase into human erythrocytes in the event of an infectious cycle; 
25 • or that of a portion of that fragment which Is also capable of inducing an 
immune response which can inhibit in vivo parasitemia due to the 
corresponding parasite; 
» or that of an immunologically equivalent peptide of ?.aid p19 fragment or 
said portion of that fragment; and 
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said recombinant protein further comprises conformational epitopes which 
are unstable in a reducing medium and which constitute the majority of the 
epitopes recognized by human antiserums formed against the 
corresponding Plasmodium. \ 
5 The presence of such conformational epitopes ; plays an important 

role in the protective efficacy of the active principle of the vaccines. They 
are particularly found in the active principles which exhibit the other 
characteristics defined above, when they are produced in a baculovirus 
system. If need be, it is mentioned below that the expression "baculovirus 

10 vector system" means the ensemble constituted by the baculovirus type 
vector itself and the cell lines, in particular cells of insects transfectable by 
a baculovirus modified by a sequence to be transferred to these ceil lines 
resulting in expression of that transferred sequence. Preferred examples of 
these two partners in the baculovirus system have been described in the 

is article by Longacre et a!. (14). The same system was used in the 
examples below. It goes without saying, of course, that variations in the 
baculovirus and in the cells which can be Infected by the baculovirus can 
be used in place of those selected. 

In particular, the recombinant protein is reopgnized by human 

20 antiserums formed against the corresponding Plasmodium or against a 
homologous Plasmodium when it is in its non reduced state or in a reduced 
non irreversible state, but is not recognized or is only recognized to a slight 
extent by these same antiserums when it is irreversibly reduced. 

The unstable character of these conformational epitopes in a 

25 reducing medium can be demonstrated by the test described below in the 
examples, in particular in the presence of fJ-mercaptpethanof. Similarly, 
the examples below describe the experimental conditions applicable to 
obtain irreversible reduction of the proteins of the invention. 
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From this viewpoint, the recombinant protein produced by Longacre 
et at. (14) can be used in such compositions. It should be remembered that 
S. Longacre et al. succeeded in producing a recombinant p19 from the 
MSP-1 of P. vivax in a baculovtrus vector system containing a nucleotide 
s sequence coding for the p19 of Plasmodium vivax, fn particular by 
transacting cultures of insect cells [Spodoptera frugipfcrda (Sf9) fine] with 
baculovirus vectors containing, under the control \ of the polyhedrin 
promoter, a sequence coding for the peptide sequences defined below, 
with the sequences being placed in the following order in the baculovirus 
jo vector used: 

• a 35 base pair 5' terminal fragment of the polyhedrin; signal sequence, in 
which the methionine codon for initiating expression of this protein had 
been mutated (to ATT); 

• a 5-terminal nucleotide fragment coding for a 32 jamino acid peptide 
is corresponding to the N-terminal portion of MSP-1, including the MSP-1 

signal peptide; 

• either a nucleotide sequence coding for p19, or a sequence coding for 
the p42 of the MSP-1 protein of Plasmodium vivax, depending on the 
case, these sequences also being provided with ("anchored" forms) or 

20 deprived of (soluble forms) 3' end regions of these nucleotide 
sequences, whose end C-terminal expression products are reputed to 
play an essential role in anchoring the final p19 prptein to the parasite 
membrane; 

• 2 TAA stop codons. 

25 For p42, the sequences derived from the C-terminal region of MSP-1 

extend consequently from amino acid Asp 1325 to amino acid Leu 1726 
(anchored form) or to amino acid Ser 1705 (soluble fdrm) and for p19, the 
sequences extend from amino acid Me 1602 to amino acid Leu 1726 
(anchored form) or to amino acid Ser 1705 (soluble form) it being 
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understood that the complete amino acid sequences of p42 and p19 T 
whose initial and terminal amino acids have been indicated above follow 
from the gene of the Belem isolate of P vivax which has been sequenced 
(20). 

5 Similar results were obtained using, in the same vector systems, 

nucleotide sequences coding for the p42 and p|l9 of Plasmodium 
cynomolgi. The interest in P. cynomofgi is twofold: it i£ a parasitic species 
very close to P. vivax which is infectious for the macaque. It can also infect 
man. Furthermore, a natural host of P. cynomolgi, ths toque macaque, is 

10 accessible for testing the efficacy of the protection; of MSP-1 from P. 
cynomolgi in a natural system. In addition, the rhesus; monkey which is 
considered to be one of the most representative species for immune 
reactions in man, can also be infected by P. cynomolgi! 

In particular, excellent results have been obtained in vaccination 

is tests carried out using the toque macaque with two recombinant 
polypeptides: soluble p42 and, in particular, soluble p19 derived from P. 
cynomolgi, respectively produced in a baculoviois system and purified on 
an affinity column with monoclonal antibodies recognizing the 
corresponding regions of the native MSP-1 protein. The following 

20 observations were made: six monkeys immunized With only p19 (three 
monkeys) and the p19 and p42 together (three monkeys) all exhibited 
practically sterile immunity after challenge infection. The results obtained 
in the three monkeys immunized with p42 were less significant. Two of 
them were as above, but since the third exhibited a lower parasitemia than 

25 the controls immunized with a PBS buffer in the presence of Freunds 
adjuvant (3 monkeys) or not immunized (3 monkeys), ii was less clear. 

A second challenge infection showed that the: monkeys which had 
received p19 alone were protected for at least six: months. A second 
vaccination test with p19 in combination with alum in this system (toque 
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macaque P. cynomolgi) exhibited significant protection for 2 of the 3 
monkeys. This Is the first time that MSP-1 or another recombinant antigen 
has demonstrated a protective effect in the presence of! alum (42). 

The particularly effective test results carried oiji with the macaque 
5 with recombinant polypeptides produced in a baculovlrus system using a 
recombinant p19 from P. cynomolgi showed that recombinant polypeptides 
respectively containing recombinant p19s from other Pfasmodiums must 
behave in the same manner. They are more meaningful for malaria in man 
than the results from tests carried out with P. vfvsx or P. falciparum In their 

10 "artificial hosts". : 

Baculovirus recombinant proteins derived from a C-termina! MSP-1 
portion (p19) have a very significant antimalarial protective effect in a 
natural system, which constitutes the most representative model for 
evaluating the protective effect of MSP-1 for man. ' 

15 The protective effect obtained can be further improved if the p19 

form is deprived of the hypervariable region of the W-terminai portion of 
p42, the effect of which can be deleterious in natural situations in which the 
vaccinated subject is confronted by a great deal of polymorphism. Further, 
p19 appears to possess specific epitopes which are not present In p42 

20 (Holm etal.. 1997). 

The 19 kDa C-termina! fragment, the sequence of which is present 
in the active principle of the vaccine, can be limited to the sequence for the 
p19 itself, in the absence of any polypeptide sequence normally upstream 
of the p19 sequence in the corresponding MSP-1 protein. Cfearty, though, 

25 the essential constituent polypeptide sequence of the active principle can 
also comprise a polypeptide sequence for the C-terminal side belonging to 
the 33 kDa (p33) N-terminai fragment still associated with the p19 in the 
corresponding p42, before natural cleavage of the latter, if the presence of 
this fragment does not modify the immunological properties of the active 
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principle of the vaccine. As will be seen below, in particular in the 
description of the examples, the C-terminal sequences of the p33 in various 
strains of the same species of Plasmodium (see the ^-terminal portion of 
the peptide sequences of "region III" in Figure 4) also have a degree of 
5 homology or substantial conservation of the sequence^ for example on the 
order of at least 80%, in different varieties of Plaslpodiums which are 
infectious for man, such that they do not fundamentally modify the 
vaccinating properties of the active principle (the (sequence of which 
corresponds to region IV in Figure 4), in particular using {he hypothesis which 

10 follows from this figure; that the presumed cleavage s{te ; between the p19 
and region III of the p33 Is located between the leucine and asparagine 
residues in a particularly well conserved region (LNVQT<^). 

Normally the C-terminal polypeptide sequence of the p33, when It is 
present, comprises less than 50 amino acid residues, c-r even less than 35, 

f s preferably less than 1 0 amino acid residues, ] 

The essential constituent polypeptide sequence of the active principle 
of the vaccine need not comprise all of the sequence coding for p19, 
naturally providing that the latter retains the ability to induce antibodies which 
protect against the parasite. Preferably, this polypeptide fragment portion 

20 contains the two EGF (Epidermal Growth Factor) regionf 

Clearly, the skilled person could distinguish between active fragments 
and those which would no longer be so, in particular experimentally by 
producing modified vectors containing inserts with different lengths 
originating from the p19, respectively isolated from the? fragments obtained 

25 from the sequence coding for p19, by reaction with appropriate restriction 
enzymes, or by exonucleolytic enzymes which would b^ kept In contact with 
the fragment coding for p19 for differing periods; khe capacity of the 
expression products from these inserts in the corresponding eukaryotic cells, 
in particular in insect cells, transformed by the corresponding modified 
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vectors, to exert a protective effect can then be tested, jn particular under the 
experimental conditions which are described below in the examples. In 
particular, the expression products of these Inserts mubt be able to inhibit a 
parasitemia Induced In vivo by the corresponding whoielparasite. 
5 Thus, the invention includes all vaccinating compositions In which the 

essential constituent polypeptide sequence of the active principle is 
constituted by a peptide which can induce a cellular land/or humoral type 
immunological response equivalent to that produced by p19 or a fragment as 
defined above, provided that the addition, deletion oV substitution In the 
10 sequence of certain amino acids by others would I not cause a large 
modification of the capacity of the modified peptide - hereinafter termed the 
"immunologically equivalent peptide" - to inhibit said parasitemia. 

The p19 fragment can naturally also be associated at the N-terminaJ 
side or the C-terminal side or via a peptide bond to ^ further plasmoidal 
15 protein fragment having a vaccinating potential (such as puffy binding protein 
from P vivax (29) or EBA-175 from P. falciparum (30) anjd (31), one region of 
which is specifically rich in cysteine), provided that it& capacity to inhibit 
parasitemia normally introduced in vivo by the corresponding parasite is not 

altered but Is amplified. ! 

i 

20 Upstream of the N-terminaf end of p1 9, the fragment coding for p1 9 or 

a portion thereof can also contain a peptide sequence which is different 
again, for example a C-terminai fragment of the signal peptide used, such as 
that for the MSP-1 protein. This sequence preferably comprises less than 50 
amino acids, for example 10 to 40 amino acids. j 

is These observations pertain in similar fashion to jthe p19 from other 

Plasmodia, in particular P. falciparum, the dominant species of the parasite, 
responsible for the most serious forms of malaria. j 

However, the techniques summarized abovej for producing a 
recombinant p19 from P. vivax or P. cynomolgi in a baculovirus system are 
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difficult to transpose unchanged to producing a recombinant p19 of P. 
falciparum in a satisfactory yield, if only to obtain appreciable quantities 
which will allow immunoprotective tests to be carried out. ? 

The invention also provides a process which overcomes this problem 
5 to a large extent. It also becomes possible to obtain much higher yields of P. 
falciparum p19 - and other Plasmodiums where similar difficulties are 
encountered - using a synthetic nucleotide sequence substituting the natural 
nucleotide sequence coding for the p19 of Plasmodium falciparum in an 

expression vector of a baculovirus system, thfs synthetic nucleotide 

i 

10 sequence coding for the same p19, but being characterized by a higher 
proportion of G and C nucleotides than in the natural nucleotide sequence. 

In other words, the invention follows from the discovery that 
expression of a nucleotide sequence coding for a p19 in a baculovirus 
system is apparently linked to an improved compatibility of successive 

is codons in the nucleotide sequence to express with the Iceilular machinery" 
of the host cells transformable by the baculovirus, in the manner of that 
observed for the natural nucleotide sequences normally^ contained in these 
baculovirus and expressed in the infected host cells; hence the poor 
expression, or even total absence of expression of a rjative P. falciparum 

20 nucleotide sequence; hence also a possible explanation of the more 
effective expression observed by Longacre et al. (14) for the p19 of P. 
wVax fn a baculovirus system and, as the inventors have also shown, of the 
P. cynomolgi sequence from corresponding natlvis p19 nucleotide 
sequences, because of their relatively much higher arnounts of G and C 

2S nucleotides than those of the native nucleotide sequences coding for the 
p19 of P. falciparum. 

The invention thus more generally provides a recombinant 
baculovirus type modified vector containing, under the control of a promoter 
contained fn said vector and able to be recognized by c^lls transferable by 
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said vector, a first nucleotide sequence coding foi a signal peptide 
exploitable by a baculovirus system, characterized by a second nucleotide 
sequence downstream of the first, also under the control of the promoter 
and coding for the peptide sequence: 
5 • either of a 19 kitodalton (p19) C-terminai fragment of the surface protein 
1 of the merozoite form (MSP-1 protein) of a Plasmodium type parasite 
other than Plasmodium vivax which is infectious for man, said C-termfnal 
fragment remaining normally anchored to the parasite surface at the end 
of its penetration phase into human erythrocytes in the event of an 
10 infectious cycle; 

• or of a portion of that peptide fragment provided that the expression 
product from the second sequence in a baculovjrus system is also 
capable of inducing an immune response which; can inhibit in vivo 
parasitemia due to the corresponding parasite; 
15 ♦ or of an immunologically equivalent peptide of said C-term'rnal peptide 
fragment (p19) or said peptide fragment portion byladdition, deletion or 
substitution of amino acids not resulting in a large modification of the 
capacity of said immunologically equivalent peptide to induce a cellular 
and/or humoral type immunological response stmilaf to that produced by 
20 said p19 peptide fragment or said portion of said fragment', and 

said nucleotide sequence having, if necessary, a G and C nucleotide content 
fn the range 40% to 60%, preferably at least 50%, ;of the totality of the 
nucleotides from which H is constituted. This sequence can be obtained by 
constructing a synthetic gene in which the natural codons have been 
25 changed for codons which are rich in G/C without modifying their translation 
(maintaining the peptide sequence). 

The nucleotide sequence, provided by a synthetic DNA, may have at 
least 10% of modified codons with respect to the natural gene sequence or 



cDNA while retaining the characteristics of the natural translated sequence. 
I.e., maintaining the amino acid sequence. 

It Is not excluded that this G and C nucleotide content could be 
further increased provided that the modifications resulting therefrom as to 
5 the amino acid sequence of the recombinant peptide -; or Immunologically 
equivalent peptide - produced do not result fn a loss of immunological 
properties, or protective properties, of the recombinant proteins formed, in 
particular in the tests which will be described below. 

These observations naturally apply to other Plasmodium which are 
10 Infectious for man, in particular those where the native nucleotide 
sequences coding for corresponding p19s would have T and A nucleotide 
contents which are poorly compatible with effective expression In a 
baculovirus system. 

The sequence coding for the signal used can be that normally 
is associated with the native sequence of the Plasmodium concerned. But it 
can also originate from another Plasmodium, for example P vlvax or P. 
cynomofgi or another organism if it can be recognised as a signal in a 
baculovirus system. 

The sequence coding for p19 or a fragment thereof in the vector 
20 under consideration Is, in one case, deprived of the anchoring sequence of 
the native protein to the parasite from which ft originates, In which case the 
expressed protein Is generally excreted into the culture medium (soluble 
form). It Is also remarkable in this respect that under the conditions of the 
invention, the soluble and anchored forms of the Recombinant proteins 
25 produced, in particular when they are from P. falciparum or P. cynomolgl or 
P. wVax, tend to form oligomers, this property possibly being at the origin of 
the increased Immunogeniclty of the recombinant proteins formed. 

The invention also concerns vectors in which <the coding sequence 
contains the terminal 3' end sequence coding for the hydrophobic C'« 
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terminal end sequence of the p19 which is normally; implicated in the 
induction of anchoring the native protein to the cell membrane of the host In 
which It Is expressed. This 3'-terminal end region can a&o be heterologous 
as regards the sequence coding for the soluble p19 portion, for example 
5 corresponding to the 3'-termInal sequence from P. vfvbx or from another 
organism when it codes for a sequence which anchors the whole of the 
recombinant protein produced to the cell membrane pf the host of the 
baculovirus system used. An example of such anchoring sequences is the 
GP! of the CD59 antigen which can be expressed in the cells of 

10 Spodoptera frugip&rda {32) type insects or the GPI pf a CD14 human 
protein (33). ; 

The invention also, naturally, concerns recombinant proteins, these 
proteins comprising conformational epitopes recognized by human serums 
formed against the corresponding Plasmodium. 

\5 In general, the invention also concerns any recombinant protein of 

the type indicated above, provided that it comprises conformational 
epitopes such as those produced in the baculovirus system, in particular 
those which are unstable in a reducing medium. 

The invention also, naturally, concerns said recombinant proteins, 

20 whether they are in their soluble form or in the forfn provided with an 
anchoring region, in particular to cellular hosts used In the baculovirus 
system. 

The invention also encompasses oligomers spontaneously produced 
in the baculovirus systems used or produced a posteriori, using 
25 conventional protein olfgomerisatfon techniques. The frost commonly used 
technique involves glutaraldehyde. However, any conventional system for 
bridging between the respective amine and carboxyf (functions in proteins 
can be used. As an example, any of the techniques described in European 
patent application EP-A-0 602 079 can be used. ; 
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The term "oligomer means a molecule containing 2 to 50 monomer 
units, each of the monomer units containing p19 or a fragment thereof, as 
defined above, capable of forming an aggregate. The invention also 
encompasses any conjugation product between a p19 or, a p1 9 fragment as 

5 defined above, and a carrier molecule - for example a jbolytysine-alanine - 
for use In producing vaccines, via bonds which are covjaient or otherwise. 
The vaccinating compositions using them also form part pf the invention. 

The Invention still further concerns vaccine compositions using these 
oligomeric or conjugated recombinant proteins, fncluding proteins from 

io Plasmodium vivsx, these observations also extending US oligomers of these 
recombinant proteins. j 

The invention also encompasses compositions in which the 
recombinant proteins defined above are associated wjth an adjuvant, for 
example an alum. Recombinant proteins containing the C-terminal end 

is region allowing them to anchor to the membrane of the; cells In which they 
are produced are advantageously used in combination vvlth lipids which can 
form liposomes appropriate to the production of vaccines. Without being 
limiting, lipids described, for example, in the publication entitled "Les 
liposomes aspects technologlque, blologique etj pharmacologique" 

20 [Liposomes: technological, biological and pharmacological aspects] by J. 
Delattre et at., INSERM, 1993, can be used. j 

The presence of the anchoring region in the recombinant protein, 
whether it is a homologous or heterologous anchoring region as regards 
the vaccinating portion proper, encourages the production of cytophilic 

25 antibodies, in particular lgG 2a and lgG 2b type in the Imouse which could 
have a particularly high protective activity, so that associating the active 
principles of the vaccines so constituted with adjuvants' other than the lipids 
used to constitute the liposome forms could be dispensed with. This 
amounts to a major advantage, since liposomes can pe lyophilized under 
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conditions which enable them to be stored and transported, without the 
need for chains of cold storage means. ! 

Other characteristics of the invention wltl becohrte clear from the 
following description of examples of recombinant proteins; of the invention 
5 and the conditions under which they can be produced! These examples 
are not intended to limit the scope of the invention. ; 

Description of the construction of PfMSP1 p19 p (soluble) 
(soluble p19 from P. falciparum) \ 
The recombinant construction PfMSP1 p19 S contains the DNA 
;o corresponding to 8 base pairs of the leader sequence and the first 32 
amino acids of the MSP-1 of Plasmodium vivax from Mjs^ to Asp 32 (Beiem 
Isolate; Del PortiHo et al„ 1991, P. N. A. S., 88, 4030) followed by GluPhe 
due to the EcoR1 site connecting the two fragments. This is followed by 
the synthetic gene described in Figure 1, coding the Plasmodium 
is falciparum MSP1 p19 from Asn 1813 to Ser 1705 (Uganda-Palo Alto isolate; 
Chang et al., 1988, Exp. Parasito!., 67, 1). The constructor, is terminated by 
two TAA stop codons. This construction gave rise to a ^recombinant protein 
which was secreted in the culture supernatant from infected cells. 

in the same manner and for comparison, a recombinant construction 
20 was produced under conditions which were similar to tnbse used to produce 
the p19 above, but working with a coding sequence consisting of a direct 
copy of the corresponding DNA of the P. falciparum stein (FUP) described 
by Chang et al., Exp. Parasit. 67,1; 1989. The natural gene copy (from 
asparaglne 1613 to serine 1705) was formed from the native gene by PCR. 
25 Figure 1A shows the sequences of both the synthetic gene (Bad 9) 

and the "native gene" (PF19). 

It can be seen that 57 codons of the 93 cpdons of the native 
sequence coding for the p19 from P. falciparum were modified (the third 
nucleotide in 55 of them and the first and third nucleotides In the other 2 
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codons). Now codons were added to the 5' end to introduce the peptide 
signal under the conditions indicated above and to Introduce an EcoRI site 
for cloning, and similarly two stop codons were added which were not 
present in the P falciparum p19 to obtain expression termination signals. 
5 The individual letters placed above successive codons; correspond to the 
respective successive amino acids. Asterisks (*) show the stop codons. 
Vertical lines indicate the nucleotides which are the same in the two 
sequences 

Description of the PfMSP1 p19 A construction (anchored GPf) 
10 (anchored p19 of P, falciparum) 

The PfMSP1 p19 A construction had the characteristics of that above 
except that the synthetic sequence (Figure 1B) codes for the MSP1 p18 of 
Plasmodium falciparum (Uganda-Palo Alto Isolate) from A8n 1813 to lle 1r2e 
followed by two TAA stop codons. This construction gave rise to a 
15 recombinant protein which was anchored in the plasma membrane of 
infected cells by a glycosyl phosphatidyl inositol (GPI) type structure. 

Figure 1C represents the PfMSPl p1& S recombinant protein sequence 
before cutting out the signal sequence. 

Figure 1D represents the PfMSP1 p19 S recombinant protein sequence 
20 after cutting out the signal sequence. 

The amino acids underlined fn Figures 1C and 1D originate from the 
EcoRl sit© used to join the nucleotide sequences derived from the N- 
termlnal portion of the MSP-1 of P. vivax (with signal sequence) and the 
MSP-1 p i 9 of P. falciparum. 
25 Figure 2 - The soluble recombinant PfMSP1 pt9 antigen purified by 

immunoaffinity was analyzed by immunoblot using SDS-PAGE in the 
presence (reduced) or absence (non reduced) of fi-mercaptoethanol. 
Samples were charged onto gel after heating to 95°C In the presence of 
2% SDS. Under these conditions only covalent type bonds (disulphide 



bridges) can resist disaggregation. The left hand blot was revealed with a 
monoclonal antibody which reacted with a linear epitope of natural p19. 
The right hand blot was revealed with a mixture of 13 human antisera 
originating from subjects with acquired immunity to malaria due to 

5 Plasmodium falciparum. These results show that the recombinant 
baculovirus molecule can reproduce conformational epitopes In the form of 
a polymer the majority of which are recognized by human antiserum. 

Figure 2B: Immunoblot analysis with human antiserum of 
recombinant purified MSP-1 p19 from P. Wvaxand P. cynomolgf under 

10 non reduced (NR), reduced only In the charging medium (R) and 
irreversibly reduced ((R) conditions: 
This work was based on the idea that the baculovirus expression 
system correctly reproduced the conformational epitopes present In vivo on 
the C-termlnal portion of MSP-1 in large amounts. The best means of 

15 measuring this property (which may be the only possible means in the 
absence of native purified proteins corresponding to pi 9) was to study the 
reactivity of the recombinant proteins with the antiserum of individuals 
exposed to malaria, this reflecting the native proteins as "seen" by the 
human immune system. 

20 Thus soluble recombinant PvMSP-1 p19 and PdMSP-1 p19 antigens 

purified by immunoaffintty were analyzed by immunoblot using SDS-PAGE 
(15%) in the presence (reduced) or absence (noh reduced) of DTT. 
Samples were loaded onto the gel after heating to 95*C in the presence of 
2% SDS. The irreversible reduction was carried out as follows: the protein 

25 was resuspended in 0.2 M Tris-HCI, pH 8.4, 100 mM ;DTT, 1 .0% SDS and 
heated for 30 minutes at 70°C. After diluting with water, acrylamide was 
added to a final concentration of 2 M and the mixture-was incubated under 
nitrogen in the dark for 1 hour at 37°C. The immunoblot was revealed with 
a mixture of 25 human antisera originating from subjects with an acquired 
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immunity to malaria due to Plasmodium vivax. V s(nd C respectively 
designate proteins derived from the MSP-1 of P. vivax aijid P. cynomofgi. It 

should be noted that irreversibly reduced recombinant proteins exhibited no 

j 

reactivity with human antiserum while non irreversibly reduced proteins or 
5 non reduced proteins exhibited good reactivity. (Thj> non reduced Pv 
MSP-1 p19 was a littte weak since in its glycosylated state it does not bind 
well to nitro-celiulose paper). These results show that recognition of 
baculovirus MSP-1 p19 molecules by human antiserum is largely if not 
completely dependent on conformational epitopes sensitive to reduction 

10 which are reproduced in this system. j 

Figure 3 - The soluble PvMSP1 P42 recombinant Antigen (Longacre et 
al. F 1994, op. Cit.) was incubated for 5 hours at 37°C; in the presence of 
protein fractions derived from merozoites of P. falciparum and separated by 
isolectrofocussing. The samples were then analyzed try immunoblot in the 

15 presence (reduced) or absence (non reduced) of ! fc-mercaptoethanol. 
Isolectrofocussing fractions 5 to 12, and two total mercteoite extracts made 
in the presence (Tex) or absence (T) of detergent, were analyzed. The 
immunoblot was revealed with monoclonal antibodies ^specific for MSP1p4 2 
and p19 of P. vivax. The results suggest that there is a (proteolytic activity in 

20 the P. falciparum merozoites which can be extracted with detergent. 
Digestion of p42 in certain fractions appear to cause polymerization of the 
digestion products (p19); this polymerization is probably linked to the 
formation of disuiphide bridges since in the presence qf (l-mercaptoethanoi, 
the high molecutar weight forms disappear in favor of; a molecule of about 

25 19 kDa (Tex-R). The p19 polymerization observed in these experiments 
could thus be an intrinsic property of this molecule in vivo. 
Figure 3B: The differential contribution of j>42 and;p19 antigens to the 
P. vivax antl-MSP-1 human response. 
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Recognition of P. v/Vsx MSP-1 p42 and p19i antigens by the 
antiserum of individuals with an acquired immunity ( to P. vfvax was 
compared using the ELISA inhibition technique as follows: a mixture of 25 
human antisera originating from subjects with an acquired immunity to 

5 malaria due to P. vlvax was diluted to 1 :5000 and incubated for 4 hours at 
ambient temperature either alone, or in the presence of a 1 mM purified P. 
vivax recombinant p42 or p19. This mixture was transferred to a microtiter 
well which had been coated for 18 hours at 4'C with 50^ ng.mr 1 of purified 
absorbed recombinant p42 or p19, and incubated for 30;minutes at ambient 

io temperature. After washing with PBS containing 0.1 % cjf Tween 20. a goat 
anti-mouse IgG conjugated with peroxidase was addekl and the mixture 
was incubated for 1 hour at 37°C. The enzymatic activity was revealed by 
reading the optical density at 492 nm. The percentage inhibition was 
calculated based on values of 100% of antiserum activity with the coated 

15 antiserum on the microtiter plate in the absence of a jcompeting antigen. 
Statistical data were calculated using a Statview program. Each bar 
represents the average percentage inhibition j of a pair of 
competing/absorbed antigens based on 4 to 12 determjnations; the vertical 
lines correspond to a 95% confidence interval. Asterisks (*) designate the 

20 antigens produced in the presence of tunicamycin, thus with no N- 
glycosytation. The important parameters of these measurements were the 
dilution of the antiserum by 1:5000 which is in the region which is sensitive 
to ELISA curves and the competing antigen concentrations of 1 mM which 
Includes competition by low affinity epitopes. Thus tKese data reflect the 

25 maximum resemblance between the two compared antigens. The results 
show that the majority, if not all of the p42 epitopes recognized by the 
human antiserum are present on the p19 since in the presence of the latter, 
the reactivity of the human antiserum against p42 is inhibited as much as 
by the p42 antigen itself. In contrast, however, about 20% of the p19 
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epitopes recognized by human antiserum were not or Were not accessible 
on the p42, since the reactivity of the human antiserum against the p19 
was much less Inhibited by p42 than by p19 itself. Suqb specific epitopes 
of p19 couid be constituted or revealed only after cleaving the p42 into p19 
5 and p33. These results were not affected by glycosylation showing that the 
effect Is really due to a difference between the peptide pomponents of p19 
and p42 and not to a difference in glycosylation. These results underline 
the fact that p19 has a distinct immunological identity cojnpared to p42. 
Description of the PcMSP1 p19 S (soluble) construction 
io (soluble p19 of P. cynomolgi) \ 

The DNA used for the above construction was obtained from a clone 
of the Plasmodium cynomolgi ceyionesis strain (22-23). This strain had been 
maintained by successive passages through its natural host (Macaca sinica) 
and cyclic transmissions via mosquitoes (27). [ 
15 Blood parasites in the mature schizont stage were obtained from 

infected monkeys when the parasitemia had attained a* level of 5%. They 
were then purified using the methods described in (25). ! The DNA was then 
extracted as described in (26). 

A 1200 base pair fragment was produced using aj PCR reaction using 
20 the oligonucleotides underlined in Figure 4 originating itpm P, vivax. The 5' 
oligonucleotide comprised an EcoRI restriction | site and the 3' 
oligonucleotide comprised two synthetic TAA stop codorjs followed by a Bgtll 
restriction site. This fragment was introduced by ligation; and via these EcoRI 
and Bglll sites Into the pVLSV^ plasmid already containing the signal 
25 sequence for the MSP-1 protein of P. vivax (19). | The new plasmid 
(pVLSVjsxAz) was used to analyze the DNA sequences;. 

The P cynomolgi and the corresponding P.wvfax sequences were 
aligned. The black arrows designate the presumed primary and secondary 
cleavage sites. They were determined by analogy with known sites in P. 
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falciparum (27, 28). The vortical lines and horizontal arrows focalize the 
limits of the four regions which were studied. Region 4! corresponded to the 
sequence coding for the P. cynomolgi p19. Glycosyiation sites are boxed 
and the preserved cysteines are underlined. The lower portion of Figure 4 
5 shows the percentage Identity between the two isolates of P vivax and P. 
cynomolgi. \ 

The recombinant construction PcMSPI^gS ^contains the DNA 
corresponding to 8 base pairs of the leader sequence and the first 32 
amino acids of the MSP-1 of Plasmodium vivax from Met-, to Asp 32 (Belem 

10 Isolate; Del Portillo et al„ 1991, P. N. A. S. T 88, 4030) fallowed by GluPhe, 
due to the EcoR1 site, connecting the two fragments.! This is followed by 
the sequence coding for the Plasmodium cynomolgi MSP1 p19 from Lys 2 76 to 
$9*380 (Ceylon strain). The construction was terminated by 1wo TAA stop 
codons. This construction gave rise to a recombinant protein which was 

1 5 secreted In the culture supernatant of infected ceils. 

Purification of recombinant PfMSP1p19 protein by immunoafflnlty 
chromatography with a monoclonal antibody specifically recognizing 
the p19 of Plasmodium falciparum 
The chromatographic resin was prepared by \ binding 70 mg of a 

20 monoclonal antibody (obtained from a G17.12 hybridrima deposited at the 
CNCM [National Collection of Microorganism Cultures] (Paris, France) on the 
14 th February 1997, registration number 1-1846; this G 4 7. 12 hybridoma was 
constructed from X63 Ag8 653 myeloma producing IgG. 2a/k recognizing the 
P. falciparum p19) to 3 g of activated CNBr-Sepharose #B (Pharmacia) using 

25 standard methods detailed in the procedure employed; by Pharmacia, The 
culture supematant8 containing the soluble PfMSP1p19 were batch 
incubated with the chromatographic resin for 16 hours! at 4°C. The column 
was washed once with 20 volumes of 0.05% NP40, 6.5 M of NaCI, PBS; 
once with 5 volumes of PBS and once with 2 volumes of 10 mM of sodium 
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phosphate, pH 6-8. Button was carried out with 30 of 0.2 M glycine, pH 
2.2. The eiuate was neutralized with 1 M sodium phosphate, pH 7.7 then 
concentrated by ultrafiltration and dialyzed against £0S. To purify the 
anchored PfMSP1p19, all of the washing and elutlon locutions contained a 
supplemental 0.1% of 3-(dlmethyWodecylammonio)Jprbpane sulphonate 
(Fluka). 

Recombinant Plasmodium vfvax (p42 and p10) MSfi vaccination test 
In the squirrel monkey Salmlri sciureus 

This vaccination test was carried out on male nbn splenectomized 2 
to 3 year old Saimiri sciureus boiiviensis monkeys, three monkeys were 
injected 3 times Intramuscularly at 3 week intervals with \a mixture of about 
50 to 100 ug each of recombinant soluble PvMSPI^arid pi9 (19), purified 
by immunoaffinity. Complete and incomplete Freunds adjuvant was used 
as follows: 1* injection: 1:1 FCA/FIA; 2 nd Injectloi: ; 1:4 FCA/FIA; 3 rt 
injection: FIA. These adjuvant compositions were the;n mixed 1:1 with the 
antigen in PBS. Five control monkeys receivecj the gfutathlone-S- 
transferase (GST) antigen produced in E. col! using the same protocol. 
The challenge infection was carried out by injecting 2|x !10 e red blood cells 
infected with an adapted Plasmodium vivax strain (Bejem) 2.5 weeks after 
the final injection. The protection was evaluajed by determining 
parasitemia daily In all animals by examining smears stained with Giemsa. 

The curves in Figure 5 show the variattoji in the measured 
parasitemia as the number of parasitic red blood chilis per microliter of 
blood ( logarithmic scale on the ordinate) as a functiojn of the time passed 
after infection (In days). Curve A corresponds to j the average values 
observed in the three vaccinated monkeys; curve B- corresponds to the 
average values in the five control monkeys. | I 

An examination of the Figure shows that the effect of the vaccination 
was to greatly reduce the parasitmrsa. 
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Recombinant Plasmodium cynomolgi (p42 and p19) MSP1 vaccination 
test in the toque macaque Macaca stnlca 
Fifteen captured monkeys were used as follows: (1) 3 animals 
injected with 100 ug of soluble PcMSPI^; (2) 3 animals injected with 
s 35 ug (1 st Injection) or 50 ug (2 nd and 3 rd injections) of soluble PcMSPI^; 
(3) 3 animals Injected with a mixture of PcMSPI^ and p19 ; (4) 3 animals 
injected with adjuvant plus PBS; (5) 3 animals not injected. Complete and 
incomplete Freunds adjuvant was used in the protocol described above. 
Injections were intramuscular at 4 week intervals. The challenge infection 
10 was made by injecting 2 x 10 5 red blood cells infected with Plasmodium 
cynomolgi 4 weeks after the last injection. Protection was evaluated by 
determining parasitemia daily in all animals by examining the parasitemia 
with Glemsa. Parasitemia were classified as negative only after counting 
400 smear fields. The parasitemia were expressed as a percentage of 
is parasitised red blood cells. 

Figures 6A - 6G show the results obtained. Each of them shows 
parasitemia (expressed as the percentage of parasitised red blood cells 
along the ordinate on a logarithmic scale) observed in the challenge 
animals as a function of the time after infection (in days along the 
20 abscissa). 

The results relate to: 

• in Figure 6A; non vaccinated control animals; 

• Figure 6B relates to animals which received a [ saline solution aiso 
containing Freunds adjuvant; 

25 * Figure 6C is a superposition of figures 6A and 6B, with the aim of 
highlighting the relative results resulting from administration of Freunds 
adjuvant to the animals (the variations are clearly not significant); 

• Figure 6D provides the results obtained after vaccination with p42; 

• Figure 6E concerns animals vaccinated with p19 alone; 
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• finally, Figure 6F concerns animals vaccinated with ja mixture of p19 and 
p42. j 

The p42 certainly induced a certain level of protection. However, as 
shown in Figures 6E and 6F, the protection conferred by the recombinant 
5 p1 9 of the invention was considerably better. \ 

The numbers used to produce graphs (6A-6F)' are given in Figure 
6G. | 

P. cynomolgi toque macaque vaccination test; second challenge 
Infection of monkeys vaccinated with p19 alone 
io and controls (Figures 8} 

Six months later, with no other vaccination, the $ macaques which 
received the p19 MSP-1 alone with FCA/FIA (Figure 6£) and the 3 
macaques which received a saline solution containing freunds adjuvant 
(Figure 6B) and 2 new unvacclnated monkeys underwent a new challenge 
15 Infection by injecting 1 x 10 6 red blood cells infected with Plasmodium 
cynomolgi Protection was evaluated by determining parasitemia daily in 
all animals by examining Giemsa smears. The parasitemia were classified 
negative only after counting 400 smear fields. The parasitemia were 

expressed as the percentage of parasitised red blood Oells (the figures 

I 

20 used to produce graphs 8A-C are given in Figure B0)J The six immunized 
animals which underwent challenge infection six months earlier had no 
detectable parasitemia except for 1 animal in each group which exhibited a 
parasitemia of 0.008% for 1 day (Figures 8A and ZB)\ The two unaffected 
controls exhlbfted a conventional parasitemia with a maximum of 0.8% and 

25 for 21 days (Figure 8C). Thus the 3 animals vaccinated with the MSP-1 
p1 9 were as well protected six months later as the 3 controls which 
exhibited a complete conventional infection after the first challenge 
Infection, despite the absence of or a very slight parasitemia after the first 
challenge infection. (It is likely that protection against 4 homologous strain 



Fax emis par: 33 bl 1Z bb U8 ytl till TMAMM-i'LAliSEKAUiJ 



26 j 

of P. v/Vax in humans can also be induced by a single blood infection 
provided that the infection is allowed to run its natural course without 
treatment since untreated P. vivax infection in humans ^jave rise to 
complete clinical protection against the subsequent challenge with the 
5 identical strain but not with a different strain of the same? species). 

Together these results suggest either that the protection period for p19 Is at 
least six months or that the immunity induced can be effectively boosted by 
minimal exposure to parasitic infection. 

Vaccination test with p19 In association with alum l^i the P. cynomolgi 
io toque macaque system (Figures 9) 

The previous positive protection results w0re obtained using 
complete (FCA) or Incomplete (FIA) Freunds adjuvant; However, the only 
adjuvant which is currently allowed In man is alum. For this reason, we 
carried out a vaccination test with P. cynomolgi MSPfl p19 in the toque 

15 macaque In the presence of alum as the adjuvant Sixlcaptured macaques 
were used as follows: (1)3 animals Injected with 4 f doses of 50 mg of 
recombinant P. cynomolgi MSP-1 p19 with 10 mg of alum; (2) 3 animals 
injected 4 times with physiological water and 10 mg of alum. The injections 
were intramuscular at 4 week Intervals. The challenge infection was made 

20 by injecting 2 x 10 5 red blood cells infected with P. cynomolgi 4 weeks after 
the last Injection. Protection was evaluated by daily determination of 
parasitemia in all animals by examining Glemsa smears. The parasitemia 
were classified negative only after counting 400 smeaf fields. Parasitemia 
were expressed as the percentage of parasitised red blood cells. The 

25 results of this experiment were as follows. 2 of the 3 macaques Immunized 
with recombinant p19 with alum had about 30 times less total parasitemia 
during the infection period (Figures 9A and 9B) 'than the 3 control 
macaques Immunized with physiological water and alum (Figure 9D) after 
the challenge infection. The third macaque immunized with p19 (Figure 
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9C) was not very different from the controls. For the vaccination test using 
Plasmodium cynomolgi pig in the toque macaque, macaca sinica, 
described In Figure 9, the data used to produce the -graphs (9A-9D) are 
given In (Figure 9E). While the results are a little less spectacular than the 
5 preceding results (Figures 6, 8), this is the first time that significant 
protect/on has been observed for recombinant MSP-1 with alum. 

Figure 10: Vaccination test with a recombfnani Plasmodium 

falciparum p19 in the squirrel monkey 
Twenty Saimlri sciureus guyanensis (squirrel rfiohkeys) of about 3 
io years old raised in captivity were used as follows: (1) 4 animals injected 
with 50 ng of soluble Pf MSP-1 p19 in the presence of Freunds adjuvant as 
follows: 1 st injection: 1:1 FCA/FIA; 2 nd injection: 1:4 FCA/FIA; 3 rd injection: 
FIA. These adjuvant compositions were then mixed with 1:1 antigen In 
PBS; (2) 2 control animals received Freunds adjuvant as described for (1) 
with only PBS; (3) 4 animals injected with 50 [ig of soluble Pf MSP-1 p19 
in the presence of 10 mg of alum (Aiu-Gel-S, Serva); £4) 2 control animals 
received 10 mg of alum with only PBS; (5) 4 animals injected with about 
50-100 mg of GPI anchored Pf MSP-1 p19 reconstituted into liposomes as 
follows: 300 mmoles of cholesterol and 300 mmoles of phosphatidyl choline 
were vacuum dried and resuspended in 330 mM of N-octylgfucoside fn 
PBS with 1.4 mg of Pf MSP-1 p19, GPI. This solution had been dialyzed 
against PBS with adsorbent Bio-Beads SM-2 (Bio-Rat!) and the liposomes 
formed were concentrated by centrifuging and resuspended in PBS The 1 81 
injection was made with fresh liposomes kept at 4 9 C and the 2 nd and 3 rd 
injections were made with liposomes which had : been frozen for 
preservation; (6) 2 animals injected with control liposomes made in the 
same way, in the absence of the p19, GPI antigen as? described for (5); (7) 
2 animals Injected with physiofogical water. Three intramuscular injections 
were made at 4 week intervals. The challenge infection was made by 
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injecting 1x10 6 red blood cells infected with Plasmodium falciparum. 
Protection was evaluated by determining parasitemia daily in all animals by 
examining the Giemsa smears. Parasitemia were : expressed as the 
percentage of parasitised red blood cells. The results of thfs vaccination 
5 test are shown in Figures 10, A-G. 

The groups Immunized with p19 in Freunds adjuvant or liposome 
demonstrated similar parasitemia to the control groups after a challenge 
infection (one animal (number 29) vaccinated with pigjin Freunds adjuvant 
died several days after challenge infection for reasons independent of 

10 vaccination (cardiac arrest). Irregularities in administration of the antigen in 
these 2 groups (poor Freunds emulsion, congealed^ liposomes) did not 
allow the significance of these results to be completely evaluated. In the 
alum group, 2 animals showed total parasitemia for, the duration of the 
infection about 8 times less than the controls, 1 animal about 3 times less 

15 and 1 animal was similar to the controls. This experiment was a little 
difficult to interpret due to the variability In the controls^ probably due to the 
strain of parasite used for the challenge infection which would not have 
been quite adapted to the non splenectomized Saimiri model developed 
only recently In Cayenne. However, the real effect 1 with alum, although 

20 imperfect, is encouraging in that our antigens seem to be the only 
recombinant P. falciparum MSP-1 versions which currently have shown a 
certain effectiveness In combination with alum. 
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Figure 7: Specific reactivity with P, falciparum p19 monkey 
anti-sera with high molecular weight aggregates 
(same antisera as for Figures 101 
Monkeys bred In captivity were Injected intramijscularly with 1 ml of 
Inoculum twice at 4 week intervals as follows: (1) 4 animals injected with 
50 ug of soluble PfMSP1p19 in the presence of FreUnds adjuvant as 
follows: 1 st injection: 1:1 FCA/FIA; 2 nd injection: 1:4 FCA/FIA; and mixed 
then 1:1 with the antigen in PBS; (2) 4 animals Injected with 50 ug of 
soluble PfMSPp19 in the presence of 10 mg of alum; (3) 4 animals injected 
with about 50 ug of GPf anchored PfMSP1p19 reconstituted into liposomes 

composed of 1:1 molar cholesterol and phosphatidyl qhollne. The animals 

r 

were bled 1 7 days after the second injection. [ 

Red cells from a squirrel monkey with 30% parasitemia due to P. 
falciparum (with the mature forms in the majority) we[e washed with PBS 
and the residue was diluted 8 times in the presence [of 2% SDS and 2% 
dithlothreltol and heated to 95° before being charged o;nto a polyacrylamide 
gel of 7.5% (separation gel) and 4% (stacking geO. After transfer to 
nitrocellulose, immunoblot analysis was carried out with antisera as follows: 
(1) pool of antisera of 4 monkeys vaccinated with silubte PfMSP1p19 in 
Freunds adjuvant, 1:20 dilution; (2) pool of antisera of 4 monkeys 
vaccinated with soluble PfMSP1p19 in alum adjuvant, [1:20 dilution; (3) pool 
of antisera of 4 monkeys vaccinated with anchored PfMSP1p19 in 
liposomes, 1 :20 dilution; (4) monoclonal antibody, whicih reacts with a linear 
epitope of PfMSP1p19, 50 ng/ml; (5) SHI90 antisera [pool originating from 
about twenty monkeys repeatedly infected with P. falciparum and which 
had become resistant to any subsequent infection with P. falciparum, 1 :500 
dilution; (6) antiserum pool of unaffected monkeys ^never exposed to P. 
falciparum), 1 :20 dilution. [ 
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The results in Figure 7 show that the 3 antisera; pools of monkeys 
vaccinated with PfMSP1p19 either with Freunds adjuvant (track 1), alum 
(track 2) or in liposomes (track 3) reacted specifically with very high 
molecular weight complexes (diffuse in the stacking gel) and present In 
5 parasite extracts containing more mature forms. These results support the 
hypothesis that a specific aggregate of PfMSP1p19 ;is present in vivo 
comprising epitopes which are reproduced in recombinant PfMSP1p19 
molecules synthesized in the baculovirus system, in particular oligomeric 
forms thereof. 

jo In Figure 7B: The techniques and methods were the same as for 

Figure 7 except that the individual antiserum for each monkey was tested 
after three injections the day of the challenge injection and the SHI 
antiserum was diluted by 1 :250. The numbers correspond to the Individual 
monkeys noted in Figure 10. The results show that the antiserum for 4 

is monkeys vaccinated with p19 and alum reacted strongly and specifically 
with very high molecular weight complexes while the} monkeys of other 
groups vaccinated with p19 and Freunds adjuvant or: liposomes showed 
only a little reactivity as in the control reactivity with these complexes. 
Since the monkeys vaccinated with p19 and alum were also the best 

20 protected, this reactivity with the high molecular : weight complexes 
appeared to indicate a protective effect, despite one monkey in the group 
not being protected with respect to the controls and that another was only 
partially protected. 

The invention also, of course, concerns otlier applications, for 

25 example those described below with respect to certain of the examples, 
although these are not limiting in character. 
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Therapy 

The recombinant molecule PfMSP1p19 can b6 used to produce 
specific antibodies which can possibly be used by passive transfer for 
therapeutics for severe malaria due to P. falciparum when there is a risk of 
5 death. > 
Diagnostics 

The recombinant molecules PvMSP1p42, :PvMSP1p19 and 
PfMSPp19 derived from baculovfrus can and have been used to produce 
specific murine monoclonal antibodies. These antibodies, in combination 

io with polyclonal anti-MSP1p19 antisera originating from another species 
such as the rabbit or goat can form the basis of £ semi-quantitative 
diagnostic test for malaria which can distinguish between malaria due to P. 
falciparum, which can be fatal, and malaria due to P Wvax, which Is 
generally not fatal. The principle of this test is to trap and quantify any 

15 MSP-1 molecule containing the p19 portion In the blood.; 

In this context, the advantages of the MSP1pl9 molecule are as 
follows: 

(i) it is both extremely well conserved in the same species and sufficiently 
divergent between different species to enable specific species reactants 

20 to be produced. No cross reaction has been ^observed between 
antibodies derived from PfMSPI p1 9 and PvMSPI p1 9; 

(ii) the function of MSP1p19, while not known with precision, seems to be 
sufficiently important that this molecule does not vary significantly or is 
deleted without lethal effect for the parasite; 

25 (iii) it is a major antigen found in all merozoites and thus it must in principle 
be detectable even at low parasitemia and proportionally to the 
parasitemia; 

(iv) since the recombinant MSP1p19 molecules derived from baculovirus 
appear to reproduce more of the native structure' of MSP1p19, the 
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antibodies produced against these proteins will be well adapted to 
diagnostic use. i 

The microorganisms identified below have beeji deposited at the 
Collection Nationale de Culture de Microorganisms dp L'lnstltut Pasteur 
5 (CNCM) under Rule 6.1 of the Treaty of Budapest onh ^ February 1996 . 
under the following registration numbers: | 

Identification reference Registration numbers 

pvMSP1p19A 1-1 b59 

PvMSP1p19S 1-1)560 

PfMSP1p19A MI561 

PfMSP1p19S 1-1662 

PcMSP1p19S I-1)S63 

I 

The microorganism identified below has beeri deposited at the 
CNCM under Rule 6.1 of the Treaty of Budapest on July 18, 1998 under 
10 the following registration number: 

Identification reference Regjstratipn number 

i 

P1 MSP1 p1 9S; His Ext; Sig Pf 1-2041 

\ 

The invention also concerns the use of these antibodies, preferably 
fixed to a solid support (for example for affinity chromatography) for the 
15 purification of type p19 peptides initially contained in a rhixture. 

Purification means bringing this mixture Into contact with an 
antibody, dissociating the antigen-antibody complex and recovering the 
purified p19 type peptide. j 
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The invention also concerns vaccine compositions, also comprising 
mixtures of proteins or fragment, in particular mixtures of the type: 

♦ P falciparum p19 and P. vfvax pi 9; \ 

• P. falciparum p19 and P. falciparum p42, the fatter ff necessary being 
5 deprived of its most hypervariable regions; 

* P. v/vax p19 and P. wVax p42, the latter If necessarjy being deprived of 
its most hypervariable regions; | 

• P. falciparum p19 and P. falciparum p42, the latter* if necessary being 
deprived of Its most hypervariable regions, and P wVax p19 and P. v/Vax 

io p42, the latter if necessary being deprived of Its ;most hypervariable 
regions. ; 

In the present case, the most hypervariable regions are defined as 
region ll pj; region H and all or part of region III, the portion of region III 
which is preferably deleted being that which is juxtaposed to region II (the 
15 conserved portion being located to the side of the C-tejrrnlnal of p33, close 
to the p19). Regions II and III are illustrated in Figure 4 

The invention is not limited to the production of ijiuman vaccine. It is 
also applicable to the production of veterinary vaccine; compositions using 
the corresponding proteins or antigens derived from parasites which are 
20 infectious for mammals and products under the sanie conditions. It Is 
known that infections of the same type, babesiosis, also appear in cattle, 
dogs and horses. One of the antigens of the Babesia^ species has a high 
conformational homology (in particular in the two EF(3-)fke and cysteine- 
rich domains) and functional homology with a protein portion of MSP-1 
25 [(36), (37) and (38)]. I 

Examples of veterinary vaccines using a soluble antigen against 
such parasites have been described (39). 

it goes without saying that the p19s used in these mixtures can also 
be modified as described in the foregoing when considered in isolation. 
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The invention also concerns hybridomas | secreting specific 
antibodies selectively recognizing the p19 of a M$P-1 protein in the 
merozoite form of a Plasmodium type parasite which is infectious for man 
other than Plasmodium vivax and which does not recognize Plasmodium 
5 vivax. 

In particular, these hybridomas secrete monoclohaj antibodies which 
do not recognize Plasmodium vivax and which specifically recognize 
Plasmodium falciparum p19. 

The invention also concerns a hybridoma characterized in that it 
10 produces a specific antibody which specifically recognizee the p1 9 of P. vivax 
and the p19 of P. cynomolgi. A F10-3 hybridoma has bfeeh constructed from 
the X63 Ag8 653 myeloma producing lgG2b/k recognizing the p42 
glycoprotein of Plasmodium vivax. The F10-3 hybridoma has been 
deposited at the European Collection of Cell Cultures (ECACC) under Rule 
is 6.1 of the Treaty of Budapest on August 6, 1998 linder the Accession 
Number: 98080510. 

It should be noted that in the text which follows as well as in the 
Figures whose numerals are headed by numbers 11;, 12, 13, 14 and 15 
respectively the references to MSP1 10 and MSP1 42 st^nd for p19 and p42 
20 as they have been defined hereabove. 

Of particular significance is the high degree; of purity of the 
recombinant p19 proteins as obtainable by expression in baculovirus 
systems and Immunoaffinlty or metallo-affinity chromatography. 

Particularly, the recombinant p19 protein is cry^taHlzable implicating 
25 an absolute purity. In addition, mass spectrometry! measurements also 
show a very high degree of purity estimated at greater? than 95%. 

Of particular significance also are the; reduction-sensitive 
conformational epitopes in the two EGF domains Of the preferred p19 
recombinant proteins and the long term memory response directed in a 
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substantially specific manner against said conformational epitopes, which 
said p19 recombinant proteins are capable of eliciting in laboratory animals. 

These properties as well as other characteristics jof preferred purified 
p19 recombinant proteins are further illustrated by the' results provided by 
5 further studies which are reported hereafter. 

The invention relates also particularly to recombinant proteins, as 
obtainable in a baculovirus vector system: 

- in a pure state I 

- substantially free of any other form of recombinant protein which, 
io has the same peptide sequences, but which contains alternate 

conformations in the two EGF regions.! This alternate 
conformation is different from the conformational form as defined 
by: 

- (a) the atomic coordinates as detailed in Annexes I, II or II obtained 
15 by crystallography (the Annexes I, II and If include respectively the 

atomic coordinates which define the P. cynomotgi MSPUd, P- vivax 
MSPI19, and P. falciparum MSPI19 three-dirnensional molecular 
structure); and 

- (b) the NMR fingerprints as illustrated in Figures 12.0a to 12.2c. 

20 The following data emphasize the importance of reduction-sensitive 

conformational epitopes in the two EGF domains comprising the MSPI19 
antigens. The quantitative reproduction of a single conformation likely to 
resemble the native parasitic protein in Plasmodium C-termfnal MSPI19 
recombinant proteins derived from a higher order expression system such 

25 as baculovirus (Indicated by crystal formation as described below), is 
thought to be one of the essential active principles necessary for the 
protective effect of these antigens in the vaccination trials described 
previously. Three types of experimental data are included: 
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(i) The spatial organization of the baculovirus recombinant MSPI19 
molecule from Plasmodium cynomoigi as defined by the determination of 
its crystal structure at 1.8 A resolution. The probable structures of the 
corresponding MSPI19 antigens derived from Plasmodium vivax and 

5 Plasmodium falciparum were determined by moleculjar modeling by the 
replacement of alternative residues present in the latter two species as 
compared to the P. cynomoigi MSP1 1 9. ) 

(ii) The nuclear magnetic resonance (NMR) spectra for each of the 3 
MSPI19 recombinant proteins derived from P. cynomQlgi, P. vivax and P. 

10 falciparum. These spectra represent precise, defined "fingerprints" of the 
conformation of the corresponding proteins in solution. • 

(iii) EUSA data Indicating that the immune response to the 
recombinant MSPI19 molecules is almost entirely directed against 
reduction-sensitive conformational epitopes both in hun)ans exposed to the 

15' malaria parasite and in the highly protected toque monkeys inoculated with 
the P. cynomoigi p19 recombinant protein (Rgure SE). These results 
underline the importance of accurate and quantitative reproduction of these 
epitopes in the recombinant proteins designed to elicit a protective anti- 
malaria immune response. In addition it is shown that vaccination with the 

20 MSPI42 recombinant protein favors a long term memory response which Is 
preferentially directed against non-conformational epitopes present in the 
MSPI42 In contrast to the MSPI19 whose long term rhemory response is 
aiso directed against the conformational epitopes associated with 
protection. 

25 { 

Reference is made hereafter to the sets of drawings Headed by numerals 
11, 12, 13, 14 and 15, and to which the folfowing legends respectively 
correspond. 
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Figure 11 A: Backbone of MSPI19 from P. cynomolgi showing disulfide 
bridges in bold line. 

Figure 11B: Backbone of MSPI19 showing positions of sequence 
differences between P. cynomolgi and P. vivax. 
5 Figure 11C: Backbone of homology-modeled MSP1*19 of P. falciparum 
with positions of sequence differences with P. cynomolgi. 
Figure 12: Reconstructed mass spectra and m/z spectra respectively of 
metalloafflnity purified P. cynomolgi (A,B), P. falciparum (C,D) and P. vivax 
(E,F) MSPI19. 

10 Figure 12.0a to 12.0c: Regions of the NOESY (a and b) and TOCSY (c) 
spectra of P. cynomolgi MSPI19, The chemical shifts in the F1 and F2 
dimensions are expressed in parts per million (fipm). (a) and (b): 
crosspeaks outside the diagonal correspond to dipolar interactions between 
two hydrogen nuclei of the protein. Signafs at 4.87 ppm in (a) correspond to 

15 the residual water signal, and probably to dipolar interactions of H nuclei of 
the protein resonating at the same frequency as the water protons, (c): 
crosspeaks correspond to through-bond interactions! between hydrogen 
nuclei in an amino acid residue. As in the NOESY spectrum, the peaks at 
4.67 ppm arise from the residual water signal and probably from 

20 interactions of two nuclei in the same residue. Twenty positive contours are 
plotted at a vertical scale of 5000 (a, b) or 15000 (c) ajnd a threshold level 
of 7 (a, b) or 6 (c) using the VNMR 5.3 software. 

Figure 1 2.1 : Regions of the NOESY (a and b) and TOC^SY (c) spectra of P. 
vivax MSPI19. Twenty positive contours are plotted at a vertical scale of 
25 5000 (a), 4000 (b) or 30000 (c) and a threshold level of 7 (a, b) or 6 (c) 
using the VNMR 5.3 software. 

Figure 12.2: Regions of the NOESY (a and b) and TO(?SY (c) spectra of P. 
falciparum MSP1 19. Twenty positive contours are plotted; at a vertical scale 
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of 5000 (a), 4000 (b) or 10000 (c) and a threshold level of 7 (a, b) or 6 (c) 
using the VNMR 5.3 software. \ 
Figure 13: ELISA titration of tertiary monkey anti P. cynprnofgl recombinant 
MSP1 antisera. Plates were coated either wfth native (N) or reduced, 
5 denatured (□) P cynomolgi MSPI19 or MSPI42. OD£ Optical density at 
492 nrn. Figures A to F represent respectively, monkeys 426-427-429 
(antf- MSP1 19} and 428-434-435 (anti- MSP142) (Perer& et al. 1998). 
Figure 14: ELfSA analysis of human P. Wvax Infebted donors under 
reducing and non reducing conditions using immunoafHnity (A) or metallo 
10 affinity purified (B) MSP1 1 9 coating antigen. \ 

Figure 15: ELISA titration of murine anti P. cynomolgi MSPI19 and 
MSP1 42 antisera, ? 

(I) Crystallization and structure determination 

15 The expression of recombinant MSPI19 in bacujovirus is described 

by Holm et al., 1997 which is hereby incorporated by reference. Modified 
versions of the constructs described were produced by including a 
carboxyterminal hexahistidine tag to facilitate purification by metalloaffinlty 
chromatography. Culture supernatants from sptnrfer cultures were 

20 harvested and dlalyzed extensively against 5 mM Tris-HCI, pH 8.0 at 4°C. 
The dlalysate was adjusted to 20 mM Tris, pH 8.0, o[l M NaCI (loading 
buffer) and passed on columns of •Talon" metalloaffirjity resin (Ctontech, 
Palo Alto, U.S.A.) previously equilibrated with loading buffer. The charged 
resin was washed with loading buffer and eluted with the same buffer 

25 supplemented with 100 mM imidazole, pH 8.0. Eluted fractions were pooled 
and dlalyzed against 10 mM potassium phosphate, pH t.2. 

Crystals were grown from a buffer containing 30% PEG 4000 
(wt./vol.), 0.2 M ammonium acetate and 0.1 M sodiurh citrate at pH 5.6. 
The crystals belong to the trigonal space group P3221 (the enantlomorph 
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P3-t21 was excluded during the structure analysis; see below) with unit cell 
dimensions a - b = 43.77 A, c = 92.04 A and with one rrtoiecule of MSPI19 
accommodated in the asymmetric unit. 

All X-ray data were recorded with a MAR-Research image plate at 
5 the synchrotron beam fine DW32, LURE, Orsay. Native diffraction data 
were obtained at 18°C from one crystal with dimensions' 0,4 x 0.2 x 0.2 mm 
using an X-ray wavelength of 0.970 A. A total of 139,3^1 Bragg intensities 
were measured between 15.0 to 1.8 A resolution, whi^h reduced to 9980 
unique reflections upon merging equivalent reflections, j corresponding to a 

10 complete data set within this resolution range. A /'single heavy-atom 
derivative was prepared by soaking a crystal ovemighj: in a solution of p- 
chloromercuryphenyl sulphonrc acid dissolved at a donicentratfon of 6 mM 
in the crystallization buffer. Diffraction data were recorded at 18"C from one 
crystal, similar in size to that used as native, with an >£-ray wavelength of 

j 5 0.997 A. The 57,824 individual intensity measurements reduced to a 
unique data set of 3905 reflections that was complete between the 
resolution limits of 20,0 and 2.5 A. The unit cell dimensions of the derivative 
remained close to those of the native: a = b = 43.93 A, 9 = 92.57 A. 

Isomorphous and anomalous difference Pattersons: both gave peaks 

20 consistent with a single heavy-atom site. The mercury parameters were 
refined with the program SHARP (La Fortelle and Bri6ogne, 1997) using 
isomorphous and anomalous structure amplitude differences between the 
resolution limits of 13.0 and 2.5 A. The figure of merit and phasing power 
was 0.56 and 1.7, respectively, for the acentric data, j and 0.41 and 1.4, 

25 respectively, for the centric data. The correct space group enantiomorph 
was distinguished during phase refinement by solvent flattening with the 
program SOLOMON (Abrahams and Leslie, 1996); the final overall R-factor 
was 0.316 for P3121 and 0.223 for P3221, thus clearly -indicating the latter 
space group. 
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The polypeptide chain could be readily traced for the whole of the 
first domain. By contrast, the second domain presented certain difficulties 
owing to lack of continuity of the electron density for some regions of the 
polypeptide chain. An electron density map offering a more facile 

5 Interpretation of the second domain was subsequently obtained by 
combining the probability distributions of calculated phases from the traced 
structure of the first domain with those of SIRAS \ phases (using the 
program SIGMMA (Read, 1986)), followed by density modification of the 
resulting Fourier synthesis (using the program DM (Cowtan, 1994; Bayley, 

10 The CCP4 suite, 1994)). The atomic parameters were refined with the 
program REFMAC using the maximum-likelihood option. The final R-factor 
and free R-factor were 0.212 and 0.279, respectively, for all reflections 
included within the resolution limits of 1 5.0 to 1 .8 A. 

The final model of MSP119 includes all residues from the amino 

is terminus, Met1, to His91, the second residue of the carboxyterminai 
hexahistfdlne tag, with the exception of the segment from Asp66 to Asn68 
located at the extremity of a R-hairpin turn. In spite of! ; continuous electron 
density being present in the region from Asp66 to|Asn68, it was not 
sufficiently well defined to propose a conformation for the main chain of this 

20 segment, suggesting that this part of the structure |s flexible. Although 
there was no unambiguous indication for multiple conformers for the side 
chains of MSPI19 in the final electron density maps* the side chains of 
Lys50, Lys63 and GIu80 could not be modeled beybnd their Cfl atoms 
because of weak or absent density in these regions. The final model 

25 includes 65 solvent molecules. Annex I includes the atomic coordinates 
which define the P. cynomofgi MSPI19 3-dimensionai molecular structure 
and Annexes II and III respectively are those of P. vivax and P. falciparum 
as determined by homology modeling. 
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Figure 11A shows the trace of the alpha-carbon backbone and 
disulfide bridges (bold lines) of the MSPI19 molecufe from Plasmodium 
cynomolgl determined by the solution of its crystals structure. The two 
epidermal growth factor (EGF)-like domains predicted from the primary 
5 structure are clearly visible as well as the characteristic disulfide bonds 
which are essential for the maintenance of this complex structure. It is 
important to note that although only 2 of the 3 "classic" £GF disulfide bonds 
are present in the first EGF domain for the P. cynomolgl and P. vivax 
moieties, the conformation of this domain does not differ significantly from 
10 either the second MSPI19 EGF domain or other j examples of EGF 
domains with 3 disulfide bridges. j 

One unexpected feature of the molecular stru#ure of MSPI19 Is 
that the 2 EGF-like domains have close and extensive contacts at their 

interface which Include a number of hydrophobic and pplar interactions. An 

j 

15 important implication of this observation is that the j two EGF domains 
together form a very defined entity which is likely to be essential for the 
nature of the active protective principle in recombinant analogs of this 
molecule. These data suggest that the single EGF domains either alone or 
combined separately would not display the same required conformation. 

20 The probable structures of the corresponding; MSPI19 antigens 

derived from Plasmodium vivax and Plasmodium falciparum (Figures 11B 
and 11C respectively) were determined by molecular j modeling based on 
the replacement of alternative residues present in th& latter two species 
(1 1/89 for P. vivax and 48/89 + a 4-residue insertion fojr P. falciparum). It is 

25 important to note that these replacements do not put any noticeable steric 
strains on the experimentally determined P. cynomolgl MSPI19 structure 
and that the interactions at the EGF-domain interfactf are maintained by 
invariant residues or conservative substitutions, irS spite of several 
replacements seen particularly for the P. falciparum prc|tein. 

j 
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It should be emphasized here that, apart from jallowing the precise 
determination of its molecular structure, the crystallization of the MSPI19 
recombinant protein Is prima facie evidence of its j absolute purity, its 
quantitatively reproducible, defined conformation ak produced in the 

5 baculovirus expression system, and Its stability. The fact that an identical 
preparation of P. cynomolgi MSPI19 recombinant prcjtein (as determined 
by mass spectrometry) was recently shown to confer excellent protection in 
the P. cynomo/gAtoque monkey system described prevjously (Perera et al„ 
1998; S. Longacre, I. Hofm, L. Perera and S. Handunetti, unpublfshed data) 

10 suggests that this particular conformation is important for protective 
efficacy. j 

i 
j 

15 (II) Nuclear magnetic resonance (NMR) "fingerprint" spectra 

The three baculovirus MSP1 1 9 recombinant proteins derived from P. 
cynomolgi, P. vivax and P. falciparum, each with j a carboxyterminal 
hexahistidine tag, were purified by metalloaffinlty chromatography as 
described above, dlalyzed extensively against iq mM ammonium 

20 bicarbonate, and lyophilized. Five mg of lyophilized protein was dissolved 
in 360 mi of 20 mM deuterated sodium acetate, 1p% D20, pH 4.0, 
centrifuged 30 min at 20X and loaded into Shigemi (Sbigemi Inc., Allison 
Park, PA.) tubes. j 

In order to obtain an NMR "fingerprint" of a protein, the iater must be 

25 pure to at least ca. 95%, as the signals of any] proton-containing 

contaminant present at substantial concentrations would; be observed In 1 H 
NMR spectra, The purity and sequence homogeneity of the MSPI19 
samples from P. cynomolgi, P. falciparum and P. wVax'were assessed by 
electrospray mass spectrometry. The lyophilized proteih was dissolved in 
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water: methanoi:formic acid (50:50:10). The sample was introduced in an 
API 365 triple-quad rupole mass spectrometer (Perkin &mer-Scfex, Thomill, 
Canada) at 5 ml/min by means of a syringe pump (Harvard Apparatus, 
South Natlck, MA). The device was equipped with an atmospheric pressure 
ion source used to sample positive ions which w^re produced by a 
pneumatically-assisted electrospray interface. The ion ispray probe tip was 
held at 4.5 kV and the orifice voltage was set ai 45 V. The mass 
spectrometer was scanned continuously from m/z! 950 to 1600 (P. 
cynomolgi sample) or from 1050 to 1900 (P. falciparum sample) or from 
11 50 to 1800 (P. vivax sample) with a scan step of 0.1 &nd a dwell time per 
step of 2.0 ms. This resulted in a scan duration of 13.0 s (P. cynomolgi and 
P. vfvax samples) and 17,0 s (P. falciparum sample}. Ten scans were 
averaged for each experiment. Mass calibration of the Instrument was 
accomplished by matching propylene glycol ions to their known reference 
masses which are stored in the mass calibration table of the spectrometer. 
Data were collected on a Power Macintosh 8600/200 knd processed with 
the Blotoolbox 2.2 software from Sciex. The reconstructed mass spectra 
and m/z spectra of MSPI-jg from P. cynomolgi, P. falciparum and P. vivax 
are shown in Figures 12A and B, 12C and D f and 12E and F respectively. 
The spectra of all three proteins over a wide range of jm/z values indicate 
that there is mainly a single species with no major contaminants, as all the 
major peaks correspond to different m/z values of a single species or its 
adducts. The average mass calculated from the Experiment for the 
P.cynomolgi (10767 ±1.1 Da), P. vivax (10524.70: ± 0.48) and P. 
falciparum (11 041.1 ±0.6 Da) proteins correspond, within experimental 
error, to the expected mass of the oxidized proteins with an N-termlnus at 
MSS (P. cynomolgi and P. vivax) and ISQ (P. falciparum). The minor peak 
In the P. vivax sample with an average mass of/ 10624.54 ± O.70 
corresponds to the expected mass of the same P. vivax protein with an N- 
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terminus at TMSS. Hence, the protein samples used far NMR experiments 
are greater than 95% pure as required to obtain an NMjR "fingerprint" of the 
proteins and their conformation. j 

NMR experiments were carried out on a j Varian Unity 500 
spectrometer (11.7 T) operating at a proton frequency of 500 MHz and 
equipped with a 5 mm triple-resonance, z-gradient detection probe. Data 
were processed on a Sun workstation using the software VNMR 5.3 
(Varian inc., Palo Alto). AN 2D proton NMR experiments were acquired fn 
the phase-sensitive mode using the hypercomplex scheme (States et al., 

1982). 1 H chemical shifts are referred to DSS (sodium 4,4-dimethyl- 
silapentane sulfonate) used as an external reference. 

NOESY (States et ah, 1982) and TOCSY (Griesinger et al. ( 1988) 
spectra were acquired at 35.0°C with 2048 data pjoints in the direct 
dimension and 256 ti increments. Forty (P. cynomoigi NOESY), 48 (P. 
cynomotgi TOCSY), 64 (P. vivax) or 48 (P. falciparurh) transients per ti 
increment were accumulated. Solvent suppression was achieved by using 
the WATERGATE pulse scheme (Piotto et al., 1992). Mixing times in 
NOESY and TOCSY were 120 and 70 ms, respectively. The spin lock 

during the mixing time of the TOCSY experiment was obtained by applying 

j 

the MLEV-17 pulse sequence (Bax and Davis, 1985). Spectra were 
recorded using a spectral window of 6000 Hz and a recycling delay of 2.2 s 
(NOESY) or 2.0 s (TOCSY). I 

2D experiments were transformed using a low pa;ss-filter centered at 
the transmitter frequency to reduce the intensity of jthe residual water 

signal. The width of the filter was 10 Hz and the number of coefficients to 

i 

calculate the filter shape were 41. Spectra were apijxJized with shifted 
square sine bell functions rn both dimensions, and baseline corrected in the 
direct dimension. The first point of every free irrductiop decay (FID) was 
multiplied by 0.5 prior to Fourier transformation to reduce drift corrections. 
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The resolution in the indirect dimension (F1) was increased by forward 
linear prediction to 512 points, except for the TOCSY ^spectrum of the P 
vfvax sample. Zero filling to 4096 points in the direct dimension <F2) and to 
2048 points in the indirect dimension was performed forfeach spectrum. 
5 The chemical shift of a signal in an NMR spectrum depends on the 

chemicai environment of the hydrogen nucleus that produces the signal. 
The chemical shift, and thereby the topology or peakjpattem of an NMR 
spectrum, is highly dependent on molecular conformation. The TOCSY 
experiment gives through-bond connectivities within' each amino acid 

10 residue of a protein while the NOESY experiment provides dipotar 
(through-space) connectivities between atoms that are less than 5 A apart. 
The Intensity of a signal strongly depends on the distance between two 
atoms, as well as on the dynamics of the molecule.* The topology of a 
NOESY spectrum is thus particularly sensitive to differences in molecular 

15 conformation. Together, the TOCSY and NOESY jspectra provide a 
detailed fingerprint of the structure of a given protein in solution. 

The relevant regions of the NOESY (a and b) and TOCSY (c) 
spectra of the recombinant MSPI19 from P. cynortjolgl are shown in 
Figure 12.0. The good dispersion of the signals in both spectra is indicative 

20 of a folded protein. The down-field shift of many H resonances (Fig, 12.0a 
and c) relative to the random coil range (-4.1—4.8 pprti) and the presence 
of strong sequential Hi-NHi+1 and weak NH-NH correlations in the NOESY 
spectrum (Fig. 12.0b and a, respectively) are all indicative of p-sheet 
structures and are consistent with the predominantly p-sheet structure 

25 determined for MSPIig by crystallography. The corresponding regions of 
the NOESY and TOCSY spectra of the recombinant M^P1 19 proteins from 
P. vivax and P. falciparum are displayed in Figures 1j2M and 12.2. As in 
the case of the P. cynomolgi protein, the spectra of both proteins show 
good dispersion of chemical shifts, down-field shifteci H signals, strong 
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sequential Hi-NHi+1 and weak NH-NH correlations indicating that these 
proteins also have a substantial amount of p structures. As the proteins 
from P, cynomolgi and P. falciparum have ca. 50% different residues, a 
comparison of the NMR spectra of both proteins is not possible. However, 

5 the presence of (3-sheet structures in P. falciparum MSpl 19 as evidenced 
by the NMR spectra, and the relatively high sequence identity of the 
proteins {ca. 48% for P. cynomolgi and P. falciparum) support their 
structural homology. The NOESY and TOCSY spectra of the P. cynomolgi. 
and P. vivax proteins display many crosspeaks as well as crosspeak 

io patterns at the same (or similar) chemical shifts. The similarities that can be 
observed in the spectra of both proteins, in spite of the existence of 1 1 
different residues, suggest that both proteins have a similar structure. Thus, 
the NMR data, as well as the high sequence identity of both proteins {ca. 
86%), strongly support the similitude of the MSP1 19 (structures from P. 

15 cynomolgi and P. vivax species as postulated by homology modeling based 
on the crystallographic data. 

Unlike X-ray crystallography, NMR technology pjrovides a relatively 
accessible means of assessing if a protein preparation displays a given 
conformation. Thus, once having defined in detail a conformation which 

20 constitutes the active principle of a protective antigen,? one can verify by 
NMR whether competing preparations contain confcirmationally similar 
species and/or whether these represent a mixture <>f more than one 
conformer (with an estimated 5-10% limit of detection).! It should be noted 
that some variation in the peak position can be expected for Independent 

25 experiments performed under the same conditions and with the same 
protein, with an estimated ±0.02 ppm variation In each (dimension. Also, as 
the contour plots presented in Figures 12.0, 12,1 and 12.2 are cross- 
sections of a spectrum which contains three-dimensional peaks as well as 
noise, and in which peak intensity depends on many experimental and 
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data-processing factors (such as the sensitivity of the probe, the 
suppression of the water signal, the phasing of the jspectrum and the 
functions used to apodize the spectrum and correcjt the baseline) in 
addition to the nuclei interactions, some variations irj the intensity and 

5 thereby in the pattern of crosspeaks at a given cross-scjction level must be 
expected, especiaJly for the less intense peaks, th(3 peaks near the 
diagonal and those close to the water signal (4.67 ppfri). Bearing this in 
mind, the NMR spectra can serve as an identifying "flnjgerprfnt" which can 
be used not only for product quality control, but I also to establish 

10 distinguishing characteristics of different preparations offthe same or similar 
polypeptides. i 

(Hi) ELISA analysis of anti-MSP1i9 and anti-MSPl4i antibody 
reactivity with native and reduced antigen 

15 Recombinant baculovirus Plasmodium vivax i and Plasmodium 

oynomoigi MSPI19 and MSPI42 was produced; and purified by 
Immunoaffinity or metalloaffinity chromatography as described (Holm et al., 
1997; see above). The antisera from Macaca sinica (toque) monkeys 
vaccinated with baculovirus recombinant P. oynomoigi tySPI 19 or MSP142 

20 was obtained as described by Perera et al. (1998). tpti-P. vivax human 
antisera were obtained from endemically exposed donofs in Thailand. 

For the ELISA assay, microtiter plates (NUNC) vfere coated with the 
purified MSP1 19 or MSP142 recombinant protein at 20j0 ng ml' 1 overnight 
at 4°C. After 3 washes with PBS containing 0.1% Tween 20 (PBS-T) r the 

25 polyclonal human, monkey and mouse antisera were jncubated for 2 h at 
37°C. Plates were washed and incubated for 1 h at 37°C with horseradish 
peroxidase conjugated anti-human or anti-mouse IgG. After 5 washes, 100 
ul of freshly prepared 0.2% orthophenylenediamine containing 0.03% 
hydrogen peroxidase in 0.1 M citrate buffer, pH 5.2 ^ere added to each 
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well. The reaction was stopped by the addition of 50 u( of 3 N HCI and the 
optical density was measured at 492 nm. For ELISA assays done with 
reduced coating antigen, the antigen was reduced in situ by incubation in 
the mlcrotfter plates with 0.2 M Tris-HCI (pH 8.5), 5 :mM EDTA, 20 mM 

5 dithiothreitol for 2 h at room temperature followed by alkylation for 20 mln in 
the dark with 60 mM lodoacetamide added to the reducing reaction mixture. 

Figures 13 A-F show ELISA titration of tertiary antisera from 6 
Individual toque monkeys corresponding to 2 groups; of 3 animals each 
vaccinated with either recombinant R cynomotgi MSP119 or MSPI42 

10 (Perera et al. 1998). In each figure a given individual antisera is reacted 
with either the MSPI19 or MSPH2 antigen in native (N) or reduced, 
denatured (D) form. In the 3 antisera from MSP1 19 vaccinated animals (A- 
C) virtually all the epitopes in the MSPI19 or MSPl42:(aJso containing the 
MSPI19 polypeptide) coating antigens are reduction' sensitive since no 

15 significant ELISA reactivity is observed when the coating antigens are 
reduced. These results indicate clearly that the macaque humoral immune 
response to the recombinant MSPI19 polypeptide, \ whether presented 
alone or in the context of the larger MSPU2 protein, Is primarily directed 
against reduction sensitive conformational epitopes. Since these MSPI19 

20 vaccinated monkeys were extremely well protected against a challenge 
Infection of the P. cynomolgi blood stage parasite (Perera et al., 1998), it is 
thus highly likely that a conformationally intact recombinant MSPI19 
antigen Is crucial for a relevant, protective immiine response. The 
crystallographic results described above indicate ' that the MSP119 

25 recombinant antigen obtained from this higher order expression system 
represents a single conformational species which must constitute, at least 
in part, the active principle in these vaccine preparations. 
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The antisera from MSPU2 vaccinated monkey's (Figures 13 D-F) 
show that although all the MSPU2 epitopes are notireduction sensitive, 
those corresponding to the MSPI19 antigen are completely sensitive. 
From the above observations regarding the MSPI19 vaccinated animals, rt 

5 Is likely that antibodies specific for the conformationaliy sensitive epitopes 
were Important for the good protection conferred by the' MSPI42 antigen in 
2 of the 3 vaccinated monkeys (n° 434 and 428; Perera et al„ 1998). 
Nevertheless, the third animal (n° 435), which also had reduction sensitive 
anti-MSP1 19 antibodies, was not protected and it is possible that in some 

10 cases antibodies specific for non-conformational epitopes In the MSP142 
Immunogen could interfere with protection, arguing against the use of the 
MSPI42 antigen In vaccine preparations. j 

Figure 14 shows the recombinant MSPI19 reactivity of antisera 
(1:100 dilution) from 22 P. vivax infected Thai donon> as determined by 

15 ELISA analysis using native or reduced antigen. The- data from Figures 
14A and 14B were obtained using immunoafflnity or rrfctalloaffinrty purified 
antigens respectively. In all cases the native antigen isjmuch more reactive 
than the reduced moiety, indicating that the large rjnajority of MSPI19 
epitopes recognized by human anti-parasite sera arej reduction sensitive. 

20 Thus any protective effect, as well as natural boosting, of an MSPI19 

based malaria vaccine would likely depend on the quahtjtative presence of 

i 

such conformational epitopes in the vaccinating immun(>gen. 

For Figure 15, 50 and 25 mg respectively pf recombinant P. 
cynomofgl MSPI42 and MSPI19 purified ;by immunoaffinity 
25 chromatography (Holm et al., 1997) were inoculated sbbcutaneously three 
times into mice at 10 to 14 day intervals in the absence of adjuvant. A 
fourth and final boost was administered 8 months after the third injection. 
The dependence of the humoral immune response on reduction sensitive 
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conformational epitopes present In the recombinant antigens was analyzed 
with pooled anti-MSPl42 or anti-MSP1-|9 sera using t(ie ELISA technique 
with native or reduced antigen as described above. j 

The results show that while the anti-MSPt42 response Is partially 
5 dependent on reduction sensitive conformational epitopes In the p42 
moiety after 3 closely spaced injections (Third bleed), this dependence 
appears to be significantly reduced in the antisera obtained by boosting 
after an 8 month interval (Fourth bleed). Since thd MSP142 antisera 
reactivity directed against MSP1t9 is completely dependent on reduction 

10 sensitive epitopes, the long term memory response to the MSP142 antigen 
in the absence of adjuvant cleariy favors non-conformajUonal, non-MSP1 19 
epitopes. In contrast, the anti-MSP1 19 sera are completely dependent on 
reduction sensitive conformational epitopes regardless sof the short or long 
term memory context These observations, although preliminary, suggest 

is that the N-terminal, non-p19 epitopes in the MSPU2 might be favored by 
natural boosting to the detriment of the conformational MSPI19 epitopes 
which appear to be important for protection (see above). This would also 
discourage the use of the MSPI42 for vaccination under conditions where 
natural boosting by antigens containing MSPI42 specific epitopes is 

20 expected. 
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CLAIMS 

A recombinant protein whose essential constituent polypeptide 
sequence comprises: 



• a 19 kilodalton (p19) C-termfnal fragment of the surface protein 1 
5 of the merozoite form (MSP-1 protein) of a; Plasmodium type 

parasite other than Plasmodium vivax which i$ infectious in man, 
the C-terminal fragment remaining normally anchored to the 
surface of the surface of the parasite at the erid of its penetration 
phase into human erythrocytes in the event of £m infectious cycle; 
io • or that of a portion of that fragment which p also capable of 

inducing an immune response which can ^inhibit an in vivo 
parasitemia in a host infected with such parasite; 

♦ or that of a peptide which is capable of inducing a cellular and/or 
humoral immunological response equivalent tp that produced by 

15 said p1 9 fragment or said portion of that fragment; and 

wherein said recombinant protein comprises conformational epitopes 
which are unstable in a reducing medium and V/hich constitute the 
majority of the epitopes recognized by human antisera formed 
against the corresponding Plasmodium. \ 

20 2. The recombinant protein of claim 1 which Is not; recognized by said 
human antisera when it is in the reduced form. \ 
3. The recombinant protein of claim 2 which is substantially free of any 
form of a recombinant protein having the same sequence of amino 
acids, yet in which the conformational epitopes Which are unstable in 

25 a reducing medium and which constitute the majority of the epitopes 

recognized by human antisera formed against the corresponding 
Plasmodium are not in a conformational form as defined by: 
(a) the atomic coordinates as detailed in Annexes I, II or II, obtained 
by crystallography; and 
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10. 



(b) the NMR fingerprints as illustrated in Figures 12.0a to 12.2c. 
The recombinant protein of claim 2 in which at leajst 20% contains an 
epitope In a conformational form as defined by tHe NMR fingerprints 
as illustrated in Figures 12.0a to 12.2c. 

The recombinant protein of claim 2 or claim 3 which is in a pure 
state. 

A recombinant protein of claim 1, which Is recognized by human 
antteera formed against the corresponding Plasmodium or against a 
homologous Plasmodium when it is in its nort reduced state or in a 
reduced non irreversible state, but is not recognized or is only 
recognized to a slight extent by these same jantisera when it is 
irreversibly reduced. 

The recombinant protein of claim 5 which jis defined by the 
crystallized form with the atomic coordinates as detailed in Annexes 
I, II or Ell. and the NMR fingerprints as illustrated irt Figures 12.0a to 
12.2c. \ 
The recombinant protein of claim 5 which has ajvery high degree of 
purity as determined by electrospray mass spectrometry. 
The recombinant protein of claim 5 which elicits a long term memory 
response directed in a substantially specific manner against said 
conformational epitopes in animals to which they are administered. 
The protein of daim 1 which inhibits the reactivity of an immune 
antiserum against p42 produced from the same| MSP-1 protein and 
is itself only partially inhibited by an immune antiserum produced 
against p42. 

The recombinant of claim 1 which is essentially free of any 
polypeptide having a sequence of amino acids ; in the C-terminal 
region of p33 (33 kDa N-terminal fragment) resulting from the natural 
cfeavage of the p42 protein of the same MSP1 protein. 
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12. The recombinant protein of claim 1 which comprises, upstream of 
the polypeptide sequence of p19, a polypeptide region whose 
sequence is the C-terminal region of p33 resulting from the cleavage 
of p42 of the same MSP-1 protein, wherein said; polypeptide region 
contains less than 50 amino acid residues. [ 

13. The recombinant protein of claim 1 1 wherein said polypeptide region 
contains less than 10 amino acid residues. ; 

14. The recombinant protein of claim 1 which comprises, upstream of the 
polypeptide sequence of p19, a polypeptide region whose sequence 
is the C-terminal region of the p33 resulting from jthe cleavage of p42 
of the same MSP-1 protein, wherein said ckermfnal portion is 
restricted to that part which is substantially conserved in P. 
falciparum and P. vivax. [ 

15. The recombinant protein of claim 1 wherein the! sequence of amino 
acids of said essential constituent polypeptide encompasses the 
sequences of the two EGF regions of the p1 9 protein. 

16. The recombinant protein of claim 2 wherein the! sequence of amino 
acids of said essential constituent polypeptide eficOmpasses the two 
sequences of the two EGF regions of the p19 protein. 

17. The recombinant protein of claim 3 wherein the! sequence of amino 
acids of said essential constituent polypeptide encompasses the two 
sequences of the two EGF regions of the p1 9 prjbtein. 

1 8. The recombinant protein of claim 4 wherein th^ sequence of amino 
acids of said essential constituent polypeptide encompasses the two 
sequences of the two EGF regions of the p19 prptein. 

19. The recombinant protein of claim 5 wherein th£ sequence of amino 
acids of said essential constituent polypeptide encompasses the two 
sequences of the two EGF regions of the p19 protein. 
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20. The recombinant protein of claim 6 wherein the sequence of amino 
acids of said essential constituent polypeptide encompasses the two 
sequences of the two EGF regions of the p19 protein. 

21. The recombinant protein of claim 7 wherein the sequence of amino 
acids of said essential constituent polypeptide encompasses the two 
sequences of the two EGF regions of the p19 protein. 

22. The recombinant protein of claim 8 wherein the Isequence of amino 
acids of said essential constituent polypeptide encompasses the two 
sequences of the two EGF regions of the p19 protein. 

23. The recombinant protein of claim 9 wherein the 'sequence of amino 
acids of said essential constituent polypeptide encompasses the two 
sequences of the two EGF regions of the p19 protein. 

24. The recombinant protein according to claim 1, wherein the 
constituent polypeptide carries a glycosyfphospihatfdyllnositol (GPI) 
group of the type which enables the p19 fragment to anchor to the 
membrane of a eukaryotlc cell infected with the MSP-1 protein. 

25. The recombinant protein of claim 1, wherein the constituent 
polypeptide is free of the sequence of amino acids In the 
hydrophobic C-terminal portion of the pf 9 which intervenes in the 
induction of an anchoring of said p19 to the cell membrane of a host 
infected with a Plasmodium type parasite. 

26. The recombinant protein according to claim 24, which is 
hydrosoluble. 

27. The recombinant protein of claim 1 which comprises the sequences 
of amino acids of the p19 of the MSP-1 protein of Plasmodium 
falciparum. 

28. The recombinant protein of claim 1 which comprises the sequence of 
amino acids of the MSP-1 protein of Plasmodium cynomolgi. 

29. An oligomer of the recombinant protein of claim 1 . 
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30. The oligomer of claim 29, which comprises fr<?m 2 to 50 monomer 
units of the sequence of said recombinant protein.; 

31. The recombinant protein of claim 1, which is conjugated to a carrier 
molecule for use in the production of vaccines. I ; 
A vaccination composition against a Plasmodium type parasite 
which is infectious in man, containing as an active principle a 

recombinant protein whose essential constituent polypeptide 

i 

sequence comprises: 

• a 19 kilodalton (p19) C-terminal fragment of j the surface protein 1 
io of the merozoite form (MSP-1 protein) of* a; Plasmodium type 

parasite which fs infectious in man, said j (^terminal fragment 
remaining normally anchored to the surface ofithe parasite at the 
end of its penetration phase Into human erythrocytes fn the event 
of an infectious cycle; I 
is • or that of a portion of that fragment which is also capable of 

inducing an immune response which cah inhibit an in vivo 
parasitemia In a host infected with such parasite; 
9 or that of a peptide which is capable of Inducing a cellular and/or 
humoral immunological response equivalent to that produced by 
20 said p1 9 fragment or said portion of that fragment; and 

said recombinant protein further comprising conformational epitopes 
which are unstable in a reducing medium and; which constitute the 
majority of the epitopes recognized by human antlsera formed 
against the corresponding Plasmodium. 
25 33. The vaccinating composition of claim 32, wherein said recombinant 
protein Is not recognized by said human antisera when it is in the 
reduced form. 

34. The vaccinating composition of claim 32, wherein said recombinant 
protein fs substantially free of any form of said recombinant protein 
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having the same sequence of amfno acjo^, yet In which the 
conformational epitopes which are unstable id a reducing medium 
and which constitute the majority of the epiiopes recognized by 
human antisera formed against the corresponding Plasmodium are 
5 not In the conformational form as defined by: ! 

(a) the atomic coordinates as detailed In Annexjes I. If or II, obtained 
by crystallography; and I 

(b) the NMR fingerprints as illustrated in Figure^ 12.0a to 12.2c. 

i . 

i : 

10 35. The vaccinating composition of claim 32, wher^irj said recombinant 

j 

protein is In a pure state. I : 

36. The vaccinating composition of claim 32 r wherilri said recombinant 
protein is recognized by human antisera formed against the 
corresponding Plasmodium or against a homologous Plasmodium 

15 when ft is in its non reduced state or In a reduced non irreversible 

state, but Is not recognized or is only recognizee! to a slight extent by 
these same antiserums when it is irreversibly reduced. 

37. The vaccinating composition of claim 32, wherein said recombinant 
protein Is defined by the crystallized fbrrji with the atomic 

20 coordinates as detailed in Annexes I, II or * III., and the NMR 

fingerprints as illustrated in Figures 12.0a to 12.£c; 

38. The vaccinating composition of claim 32, wherein said recombinant 
protern has a very high degree of purity j as determined by 
electrospray mass spectroscopy. j 

25 39. The vaccinating composition of claim 32, wherein said recombinant 
protein elicits a long term memory response directed In a 
substantially specific manner against said conformational epitopes in 
animals to which they are administered. I 
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40. The vaccinating composition of claim 32, wherein the sequence of 
amino acids of said essential constituent polypeptide encompasses 
the sequences of the two EGF regions of the p19 protein. 

41. The vaccinating composition of claim 33, whefein the sequence of 
5 amino acids of said essential constituent polypeptide encompasses 

the sequences of the two EGF regions of the p1$ protein. 

42. The vaccinating composition of claim 34, wherjein the sequence of 
amino acids of said essential constituent polypeptide encompasses 
the sequences of the two EGF regions of the p1j9 protein. 

10 43. The vaccinating composition of claim 35, wherein the sequence of 
amino acids of said essential constituent polypeptide encompasses 
the sequences of the two EGF regions of the p19 protein. 

44. The vaccinating composition of claim 36, wherein the sequence of 
amino acids of said essential constituent polypeptide encompasses 

15 the sequences of the two EGF regions of the p1 p protein. 

i 

45. The vaccinating composition of claim 37, wherein the sequence of 
amino acids of said essential constituent polypeptide encompasses 
the sequences of the two EGF regions of the p1 j? protein. 

46. The vaccinating composition of claim 38, wherein the sequence of 
20 amfno acids of said essential constituent polypeptide encompasses 

the sequences of the two EGF regions of the p1& protein. 

47. The vaccinating composition of claim 32 wherein the essential 
constituent polypeptide of said recombinant protein comprises the 
sequence of the p19 Plasmodium falciparum. • 

25 48. The vaccinating composition of claim 32 wherein the essential 
constituent polypeptide of said recombinant prpteln comprises the 
sequence of the p1 9 Plasmodium vivax. \ 
An antibody which specifically recognizing the p19 of a MSP-1 
protein of the merozoite form of a Plasmodium type parasite which is 
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infectious in man other than Plasmodium vivax and which does not 
recognize Plasmodium vivax. 

50. The antibody of claim 49, which is monoclonal. 

51. The monoclonal antibody of claim 50, which specifically recognizes 
5 the p1 9 of P. falciparum. 

52. The monoclonal antibody of claim 50, which specifically recognizes 
7 the p1 9 of P. vivax. 

A recombinant baculovirus type modified vector containing, under 
the control of a promoter contained fn the vector and able to be 
recognized by cells transfectable by said vector, a first nucleotide 
sequence coding for a signal peptide and a; second nucleotide 
sequence downstream of the first nucleotide sequence, also under 
the control of said promoter, wherein said first nucleotide sequence 
authorizes the expression of said second nucleotide sequence in a 
baculovirus system and wherein said second nucleotide sequence 
codes for one of the following peptide sequences: 

• a 19 kilodalton (p19) C-termmal fragment of the surface protein 1 
of the merozoite form (MSP-1 protein) of a Plasmodium type 
parasite which is infectious in man, the C-terminai fragment 
remaining normally anchored to the surface of the parasite at the 
end of Its penetration phase into human erythrocytes in the event 
of an infectious cycle; 

• or of a portion of that peptide fragment provided that the 
expression product from the second sequence in a baculovirus 
system is also capable of inducing an immune response which 
can inhibit an in vivo parasitemia in a host infected with said 
parasite; 
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• or of a peptide which is capable of inducing a cellular or humoral 
immunological response equivalent to thai produced by said 
peptide fragment p19 or said peptide fragment portion; and 

wherein said second nucleotide sequence has & G and C content in 
the range of from 40% to 60% of the totality of nucleotides from which 
said second nucleotide sequence is constituted. \ 

54. The vector of claim 53, wherein said second nucleotide sequence has 
a G and C content in the range of at feast 50% of the totality of 
nucleotides from which said second nucleotide sequence is 
constituted. j 

55. The vector of claim 53, wherein the second nucleotide sequence is a 
synthetic sequence. 

56. The vector of claim 53, wherein the first nucleotide sequence codes 
for a signal peptide from Plasmodium vivax or Plasmodium falciparum 
normally associated with the Plasmodium MSP-1 1 protein, 

57. The vector of claim 53, which consists of a modified bacuiovirus. 

58. An organism transfected by the vector of claim 53, 
A synthetic DNA containing a first nucleotide sequence Including a 
portion which codes for the peptide sequence: ; 

• of a 19 kilodalton (p19) C-terminal fragment of the surface protein 
1 of the merozoite form (MSP-1 protein) of Plasmodium 
falciparum, said C-terminal fragment remaining normally anchored 
to the surface of the parasite at the end of its penetration phase 
into human erythrocytes in the event of an Infectious cycie; 

• or of a portion of that peptide fragment provided that the 
expression product of said DNA in a baculc-virus system Is also 
capable of inducing an immune response which can inhibit an in 
vivo parasitemia in a host infected with such parasite; 
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• or of a peptide capable of inducing a ceflOlar or humoraf type 
immunological response equivalent to that produced by said p19 
peptide fragment or said portion of that fragment or both; and 

wherein said nucleotide sequence has a G and ;C nucleotide content 
5 in the range of from 40% to 60% of the totality^ of nucleotides from 

which said synthetic DNA is constituted. 
60. The synthetic DNA of claim 59, wherein said nucleotide sequence has 
a G and C content of at least 50% of the totality of nucleotides from 
which said synthetic DNA is constituted. 
10 61. The synthetic DNA sequence of claim 59, whfch further comprises 
upstream from said first nucleotide sequence, ia second nucleotide 
sequence coding for a signal peptide normally associated with a 
Plasmodium MSP-1 protein which is homologbus or heterologous 
relative to said first nucleotide sequence. 
15 62. The synthetic DNA sequence of claim 61, j wherein the signal 
sequence originates from P. vivax. 
A baculovirus type selected from the group comprising: 

• a virus deposited at the CNCM [Collection Rationale de Cultures 
de Microorganismes; National Collection; of Microorganism 
Cultures] with registration number 1-1 659; \ 

• a virus deposited at the CNCM with registration number 1-1 660; 

• a virus deposited at the CNCM with registration number 1-1 661 ; 

• a virus deposited at the CNCM with registration number 1-1 662; 

• a virus deposited at the CNCM with registration number 1-1663; 
and 

• a virus deposited at the CNCM with registration number 1-2041 . 

64. A hybrkioma secreting the monoclonal antibodies of claim 50. 

65. A hybridoma secreting the monoclonal antibodies of claim 51 . 
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66. A hybridoma which secretes the monoclonal antibody of clafm 50, 
which has been deposited at the CNCIvT, (jParis, France) with 
registration number 1-1846, on the 14 th of February 1997. 

67. A vaccine composition according to claim 32,( which comprises a 
5 mixture of nucleotide sequences selected from the mixtures of 

recombinant proteins comprising the sequences! of: 

• P. falciparum p19 and P. vivax p19; | 

• P. falciparum p19 and P. falciparum p42; \ 

• P. vivax p19 and P. vivax p42; j 
jo * P. falciparum p19 and P. falciparum p42; and ; 

P: Wvax p19 and P. wVax p42. i 

| 
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Vaccina non test; recombinant MSP-1 (pl9) of Plasmodium cvnotrwtv'i in the 
Macaca sinica toque macaque; second challenge infection 
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— - Absence of parasites in 400 microscopic fields 
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